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PREFACE TO FIRST EDITION. 



The following Memoir on the Oil-Shale industry of Scotland is divided 
into three parts, and treats of the subject both in its geological and 
technological aspects. Part I. treats of the Geology of the Oil-Shale 
fields of the Lothians, and is the joint work of Mr. H. M. Cadell and Mr. 
J. S. Grant Wilson. After the opening up of the oil-shale industry it 
became necessary to re-survey the portions of Midlothian and Lin- 
lithgowshire in which the shales occur. This work was done by Mr. 
Cadell, who, since its completion in 1887, has possessed an unrivalled 
knowledge of the geological structure of the various shale-fields. 
It is therefore a source of gratification that, notwithstanding his 
retirement from the Geological Survey, we have been able to secure 
his services in the preparation of this volume. The recent revision of 
the area in connection with the re-survey of the Scottish coal-fields 
has fallen to the lot of Mr. J. S. Grant Wilson, who thus naturally 
becomes associated with his former colleague. Part II., which deals 
with the methods of working the oil-shales, and is, therefore, of a 
technological character, has been executed by Mr. W. Caldwell, whose 
training as a mining engineer and whose experience as mining manager 
in the Pumpherston field have given him special qualifications for 
the task. 

Part III. is concerned with the treatment of the material after its 
extraction from the mine, with the products obtained from it, and with 
the statistics of the industry. This is the work of Mr. D. E. Steuart, 
chemist to the Broxburn Oil Company, who is recognised as a leading 
authority on this branch of enquiry. 

Special thanks are due to Dr. Leonard Dobbin, chief assistant to 
Professor Crum Brown, F.E.S., The University, Edinburgh, for 
valuable suggestions in connection with the part dealing with the 
chemistry of the oil-shales, and for kind assistance in revising the 
proof-sheets. The Memoir has been edited by Dr. Home. 



J. J. H. TEALL, 

Director. 



Geological Survey Oflice, 

28 Jermyn Street, London, 
30th September 1906. 



PREFACE. TO SECOND EDITION. 



The first edition of this Memoir was exhausted in 1911 and it became 
necessary to make arrangements for the preparation of a new edition. 
On account of the death of Mr. James S. Grant Wilson in 1908 the 
description of the Geology of the Oil-shale Fields was entrusted to 
Mr. K. G. Carruthers. Much boring and extensive mining develop- 
ments had gone on since 1906, and a large amount of new information 
has been collected. Many changes have accordingly been made in 
this part of the volume, in the horizontal sections across the shale- 
fields, and also in the map and table of vertical sections. A new 
colour-printed edition of Sheet 32 of the one-inch Geological Map 
of Scotland (Midlothian and part of West Lothian) was issued in 
1910, but it is no longer strictly in accordance with Mr. Carruthers's 
views on the structure of certain parts of the shale-fields, and the 
principal corrections are indicated on the small-scale map that appears 
as Plate III. of this Memoir. New editions of the six-inch geological 
maps Linlithgow 9 S.B., 9 N.E., and 10 N.W. are being prepared for 
issue, as these sheets required revision. 

Mr. Caldwell and Mr. Steuart have added such information as 
was necessary to make their contributions a satisfactory representa- 
tion of current practice in the naining of the oil-shales, their chemistry 
and the processes of manufacture. 

J. J. H. TEALL, 
Director. 

Geological Survey Office, 

28 Jermyn Street, London, 
3rd August 1912. 
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PART I. 
THE GEOLOGY OF THE OH.-SHAIE FIELDS. 



Introduction. 



The Scottish oil-shale industry is now mainly located in a belt of 
territory about six miles broad that stretches from Dalmeny and 
Abercorn, on the shores of the Firth of Forth, southwards across the 
fertile tract between the river Almond and the Bathgate Hills to the 
moorland district of Cobbinshaw and Tarbrax. Throughout this 
region there are various important mining centres, such as Broxburn, 
Uphall, East Calder, Mid-Calder, West Calder, and Addiewell, with 
large populations, mainly, if not wholly, dependent on this branch of 
economics for their support. 

The rapid development of this industry in the Lothians within the 
last forty years is strikingly exemphfied by the fact that, when those 
portions of Midlothian and Linlithgowshire were first mapped by 
Sir Archibald Geikie on behalf of the Geological Survey in 1857, not 
one of the existing oil-shale fields in the Calciferous Sandstone Series 
was then being worked. The important discovery, which ultimately 
led to an active search for oil-shale, had been made, that oil could 
be obtained by distillation from the Torbanehill Mineral, a seam near 
the base of the Coal-measures in West Lothian. In the first edition of 
Sheet 32 of the one-inch map of Scotland, the outcrops of the Houston 
Coal and Burdiehouse Limestone, two important horizons in the 
Oil-Shale Group (Calciferous Sandstone Series) were indicated. While 
traversing that region Sir A. Geikie recorded on the six-inch maps 
various exposures of bituminous shales, whch we now know to be out- 
crops of oil-shales whose horizons are well defined. In the Memoir 
on " The Geology of the Neighbourhood of Edinburgh," pubhshed in 
1861, he referred to other prominent members of the same group, such 
as the Two-foot Coal, the Houston Marls, and the Binny Sandstone, 
all of which are of great stratigraphical significance in working out 
the structiu:e of that region. From the map and memoir it is 
apparent that he fully realised the extensive folding of the strata in 
West Lothian. 

The subsequent development of the oil-shale fields necessitated a 
resurvey of those areas in Midlothian and LinHthgowshire, which was 
successfully accomphshed between 1884 and 1887 by Mr. H. M. Cadell, 
when attached to the staff of the Geological Survey. By the courtesy 
of many interested in that industry, a large amount of mining informa- 
tion was then placed at his disposal, which enabled him to trace the 
outcrops of the various bands of oil-shale and to determine the position of 
I 
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the large faults affecting the structure of that region. The results of that 
resurvey were embodied in a second edition of Sheet 32, issued in 1892. 
In 1885, Mr. Cadell communicated a brief description of the'results 
of his re-examination of the shale-fields to the meeting of the British 
Association at Aberdeen in a paper entitled " Recent Advances in 
West Lothian Geology." He indicated the position of the various 
oil-shales then known in the course of mining operations, and furnished 
estimates of the thickness of the subdivisions of the Calciferous Sand- 
stone Series. Again, in 1901, he published a detailed account of the 
geological structure of the varioup fields in the Lothians and at Burnt- 
island ill Fife, accompanied by horizontal sections, in the Transactions 
of the Institute of Mining Engineers, and also in the Transactions of 
the Edinburgh Geological Society. These materials, together with 
the notes based on the original survey, have been largely used in the 
preparation of the geological portion of this memoir. 

In the course of the revision of the Carboniferous areas of the 
Lothians by the Geological Survey, between 1902 and 1906, Mr. Wilson re- 
examined the oil-shale fields and obtained further information from the 
various mining managers and others interested in the industry. Among 
the more important results may be mentioned the more accurate deter- 
mination of the outcrops of the strata and hues of fault owing to the 
developments then reached in the Tarbrax, Cobbinshaw, Pumpherston 
and Breich fields, and the mapping of the new shale-field at Ingliston. 
The revision led to the pubhcation of the first edition of this memoir 
on " The Oil-Shales of the Lothians," which appeared in 1906, and to 
the issue of maps of the shale-fields on the scale of six inches to one 
mile. The demand for this memoir proved so great that the issue was 
rapidly exhausted, and a new edition became necessary, the preparation 
of which was begun early in 1911. As regards the geological portion, 
now presented, so much new information has been collected that it 
has been deemed advisable to practically rewrite the whole, with the 
exception of certain passages in the Introduction, and in the descrip- 
tions of the West Calder, Burntisland and Straiton fields. 

The new points of most general interest deal with (1) the new 
areas now being worked at Livingston and Newfarm, and develop- 
ments in all the older fields, especially at Cobbinshaw, Ingliston, Philp- 
stoun and Duddingston, (2) the recognition of the Pumpherston Shales 
on the northern coast, and the revision of the Queensferry shore section, 
(3) the sepa,ration of the Barracks and Burdiehouse Limestones, (4) 
the recognition of the zonal value of certain horizons, especially two 
bands of marine fossils, which have been proved to extend over the 
whole field (the Mungle and Pumpherston Shell Beds), and also the 
Barracks volcanic ash, (5) the discussion as to the position of the Dal- 
mahoy Shale, (6) new outcrops of the Burdiehouse Limestone near 
Bmny, Humbie and Kirkliston, (7) the demonstration that the teschenite 
sills are generally restricted to particular horizons, while the quartz- 
dolerite sheets are more irregular in their occurrence. 

Particular attention has been paid throughout to the indication 
of further a,reas where oil-shale may reasonabl/be expected, a summary 
of the whole question being given in conclusion. 

Most of the horizontal sections have been re-drawn and some new 
ones inserted, while the plate of vertical sections, and the accompanying 
small scale map, have both been revised. " 
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i. Geological Position of the Shale-Measures. 

The shale-measures on which the oil industry depends form part 
of the Caloiferous Sandstone Series of Mid and West Lothian and 
the southern coast of Fife between Burntisland and Inverkeithing, 
the geological position of which will be readily grasped from the 
following tabular statement (see also Fig. 1, p. 5)'. 

The Carboniferous system in Scotland may be arranged in descend- 
ing order in foiur divisions as given below. 

4. Goal - measures, comprising red sandstone, shales, and marls 
with no workable coals, underlaid by white and grey sandstones 
and shales with numerous valuable coal-seams and ironstones. 

3. Millstone Grit, consisting of coarse sandstones with beds of 
fireclay, a few thin coals, ironstones, and thin hmestones. 

2. Carboniferous Limestone Series, embracing three subdivisions, 
the highest of which contains three or more hmestones with thick 
beds of sandstone and some coals ; the middle includes valuable 
seams of coal and ironstone ; and the lowest is characterised by several 
beds of marine limestone, with sandstone, shales, some coals, and 
ironstones. 

1. Calciferous Sandstone Series, forming two subdivisions. The 
upper, known as the Oil-Shale Group, is over 3000 feet in thickness, 
and contains, in its higher part, beds of coal usually of inferior quahty, 
and farther down, about six main seams of oil-shale, interstratified 
with beds of sandstone, shale, fireclay, marl, and estuarine Hmestones. 
The lower or Cementstone Group, in which no oil-shales have yet been 
found, consists of white sandstones and shales, passing downwards 
into grey, green, and red shales, clays, marls, and sandstones, with 
bands of argillaceous limestone or cementstone. 

A well marked volcanic zone, that of the Arthur's Seat lavas, lies 
between these two divisions. 

In the accompanying vertical section (Fig. 1) the various sub- 
divisions of the Carboniferous system of Midlothian and Ijinlithgow- 
shire are represented, but it ought to be clearly borne in mind that, 
even within these limits, the tocks vary greatly in thickness from 
place to place. 

The sedimentation in the Oil-Shale Group is especially irregular, 
as the j)late of vertical sections at the end of this volume indicates, 
but they contain many persistent beds which serve as stratigraphical 
constants. 

It may here be remarked that the whole Group is clearly of shallow- 
water origin, and was deposited over an area marked by intermittent 
subsidence of irregular amount, where incursions of the open sea were 
extremely rare. Much of the sediment must have accumulated under 
mud-flat conditions, for suncracks and " desiccation breccias " are 
commonly met with, especially in the marly strata that bulk so largely 
in the series. 

ii. Topographical Distribution of the Oil-Shales. 

Although the Calciferous Sandstone Series is well developed in 
other parts of Scotland, it has not hitherto yielded any oil-shale of 
economic importance beyond the limits of West Lothian, Midlothian 
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and Fife. It is remarkable that though bands of this material are well 
developed along the western side of the Dalkeith basin, they either 
occur in an attenuated form or disappear on the east side of that 
syncUne. Thin seams of oil-shale belonging to this series, occur on 
the shore sections north of GruUane and near Cockburnspath, in the 
counties of Haddington and Berwick, but not of sufficient importance 
to be worked with profit. Again, the shale-measures of West Lothian, 
which dip westward under the Bo'ness, Bathgate, and Wilsontown 
coal-fields and reappear some miles to the west without any oil-bearing 
shale, prove that, during a long interval in the Carboniferous period, 
the necessary physical conditions for the deposition of oil-shale of 
economic importance were confined to this limited area. 

Beginning first with the largest and most important areas in 
Linlithgowshire and the adjoining part of Midlothian we find that 
the western boundary of the shale-measures is marked by the base of 
the Carboniferous Limestone Series, which trends northward from the 
Cobbinshaw Eeservoir to the Firth of Forth — a distance of about 
fifteen miles. Along their eastern margin, between Hailes and the 
mouth of the river Almond, there is no well defined limit, and the base 
of the productive shale-measures in that area is as yet largely con- 
jectural. 

In the following general account of the stratigraphical sequence, 
the lowest beds are described first — a plan adopted, as far as possible, 
throughout this memoir. The opportunity is taken to deal at some 
length with the lower part of the series, which is of small economic 
importance, and is therefore not treated in detail elsewhere. 

Cemetdstone Group. — Since the discovery of fish remains of Upper 
Old Eed Sandstone age, in the sandstones at Craigmillar and beneath 
Salisbury Crags, the base line of the Carboniferous system in the 
Edinburgh district has been drawn at the bottom of a group of grey, 
green and red mudstones, shales and cementstone bands, with occa- 
sional sandstones and rarely some thin seams of dark carbonaceous 
shale yielding plants. These sediments, which have a wide distribu- 
tion in Scottish Carboniferous areas and are typically represented at 
Ballagan north of Glasgow, are well developed in the old town of 
Edinburgh between the Castle and Holyrood Palace, in the Hunter's 
Bog east of Salisbury Crags, in certain stream sections on the north- 
west side of the Pentland Hills and in the Linhouse Water two miles 
south of Mid-Calder. The representatives of this group pass under- 
neath an important series of volcanic rocks — lavas, tuffs, and ag- 
glomerates — which appear on Arthur's Seat, the Calton Hill, and at 
Craiglockhart. Far to the south-west they occur in their normal 
position, on Corston Hill and in the Linhouse Water south of Mid- 
Calder ; and still fm-ther south on Black Hill and Torweaving Hill east 
of Cobbinshaw reservoir. 

Oil-Shale Grouf.— Within the city of Edinburgh the volcanic 
rocks of Arthur's Seat and Calton Hill are surmounted by the Abbey- 
hill Shales ; these strata contain a few bands of variegated clays of 
Cementstone type, but for the most part thev consist of dark blue 
shales or " blaes " often crowded with entomostraca. To the south- 
west, in the stream sections between Mid-Calder and Harburn, thick 
beds of blaes are again seen resting on the lavas, and they are of pro- 
nounced Oil-Shale type, with thin ribs of entomostracan Kmestone and 
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many beds of bituminous shale or " shaly blaes." Further, none 
of the strata above are of the pecuUar Cementstone type, and from 
the lavas upwards, 
bands of oil-shale 
are not infrequent. 
It is therefore in- 
ferred that the base 
of the Oil-Shale 
Group should be 
drawn at the top of 
the lavas, as it can 
be said that from 
that time onward, 
the peculiar physical 
conditions requisite 
for the formation of 
oil-shale had set in 
over the Lothians. 

It is not con- 
tended that the top 
of the lavas is a 
rigid stratigraphical 
horizon, for it is 
quite possible that 
the Arthur's Seat 
eruptions were 
brought to a close 
shortly before those 
around Corston Hill 
and Cobbinshaw ; 
but it is held that 
there is a sharp dis- 
tinction between the 
types of sedimenta- 
tion above and 
below the volcanic 
rocks. 

As will be shown 
presently, it is prob- 
able that the lowest 
oil-shale of com- 
mercial value lies a 
long way above the 
lavas, but oil-shales 
are subject to such 
rapid lateral change 
that it is impossible 
to draw a base line 
for the productive 
part of the Group. 

The Abbeyhill 
Shales are overlaid 
by the white and 
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grey sandstones of Granton and Craigleith. From an economic pomt 
of view these sandstones are of great importance, and the greater 
part of the "New Town" of Edinburgh has been built of this 
material. 

The Craigleith Sandstones are succeeded by a group of argillaceous 
strata, locally known as the Wardie Shales, which are exposed on the 
shore at Wardie and Granton Harbour. These contain several thick 
beds of poor oil-shale, along with entomostraca, fish remains and (near 
the base of the series) a bed of marine shells. They underlie most of 
the new part of the city of Edinburgh, and are laid bare in the Water of 
Leith below Dean Bridge. In the new tunnel of the North British 
Railway, between the Hayniarket station and Princes Street Gardens, 
a splendid section of these beds was exposed in 1893, and, during the 
progress of the tunnelling operations, Mr. H. M. Cadell examined the 
cuttings to ascertain if the strata included any material of economic 
importance. Consisting of laminated sandy shales, or " fakes," 
argillaceous shale or " blaes " with ironstone nodules, hard ribs of 
" kingle," thin sandstones and a few streaks of coal from one to three 
inches in thickness, the series contained no traces of workable oil-shale, 
coal, limestone, or ironstone. At various localities round Edinbragh 
seams of coal, one foot or more in thickness, have been met with in the 
Wardie Shales, but none of sufficient value to be worked with profit. 

The Wardie Shales apparently pass underneath a higher set of 
sandstones extensively quarried at Hailes and Redhall, about three 
miles south-west of Edinburgh, and beds of inferior oil-shale rest on 
these strata. The overlying beds are imperfectly known, but it is clear 
that the Pumpherston Shales, which are the lowest seams yet worked, 
he some distance above the Hailes Sandstones. From the Pumpher- 
ston position up to the top of the Oil-Shale Group, the succession has 
been thoroughly ascertained from mining and surface evidence. 

Recent investigations suggest that in the main shale area west 
of Edinburgh, the most easterly outcrop of the Pumpherston Shales 
takes place on the west side of the quartz-dolerite sills of Ratho 
and W^est Craigs, near Corstorphine, and that, with the possible excep- 
tion of a small area N.E. of Ratho, the whole region east of these 
outcrops is occupied by lower strata. These basal members of the 
Oil-Shale Group, as noticed above, certainly contain seams of oil- 
shale, but mostly of very inferior quality, as on the shore section at 
Granton. Since these seams are of scientific rather than of economic 
interest, they need not be considered here at length. A full description 
of them has already appeared in the Survey Memoir on " The Geology 
of the Neighbourhood of Edinburgh," 1910,' pp. 75 to 79, while analyses 
of several of the seams are given on p. 351 of the same pubhcation. 

Oil-shales of better quality are found in the higher beds, not far 
under the Pumpherston position, as on the coast section east of Queens- 
ferry, and at Dalmahoy, south of Ratho ; as they occupy the ground 
between Dalmahoy and Corstorphine, this area may perhaps be 
productive in the future, but north or south of Corstorphine no good 
shale can be expected. 

On the east side of the Pentland Ridge, in the Midlothian Basin, 
oil-shale has been worked at Burdiehouse and Straiton, by the CHppens 
Oil Company, but owing to protracted htigation as to anticipated 
damage to water-pipes belonging to the Edinburgh Corporation, the 
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mines have not been in operation for several years. A narrow strip 
of productive shale -measures probably extends all down the west sid» 
of the Midlothian Basin, for at least one good seam has been found as 
far south as Carlops. In this region, like the coals in the Carboniferous 
Limestone Series above, the oil-shales dip at high angles, so that mining 
in these measures is both difficult and costly, and the shale must be of 
high quality to be extracted with profit. On the east side of the Mid- 
lothian Basin the oil-shales have practically disappeared, and no 
workable seams have ever been found. 

On the north side of the Firth of Forth, mining was at one time 
carried on in the Burntisland district, while recent work indicates 
that valuable shale-fields may exist on either side of the Forth 
Bridge. 

Oil-shale has been found both in the Coal-measures and in the Car- 
boniferous Limestone Series of Scotland, and has been wrought at 
various localities together with seams of coal and ironstone. At 
present, however, not one of these shales is considered workable, and 
the seams of value all occur in the Calciferous Sandstone Series. 

iii. Physical Characters of Oil-Shale. 

Oil-bearing shale, as known in the Lothians, is a fine black or 
brownish clay-shale with certain special features which enable it to 
be easily distinguished in the field. Among Scottish miners it is termed 
" shale," and the stratified rock described by geologists as " carbonace- 
ous shale " is distinguished as " blaes," from the bluish colour which 
it often assumes, especially when decomposed into clay. This dis- 
tinction is a convenient one in several ways, and will be adopted in 
this memoir. 

These two types are readily recognised in the field, but bitumin- 
ous blaes may graduate into regular oil-shale in such a way that it 
is impossible sometimes to draw a dividing line between them. Bit 
uminous blaes, if fairly rich in ammonia and volatile hydrocarbons, 
may pass for shale if a practical test proves it to be workable for oil 
and ammonia on a profitable scale. As a general rule, good oil-shale 
can be distinguished by its brown streak, toughness and resistance to 
disintegration by the weather. Ordinary darlf blaes is far heavier, 
brittle and often gritty, and when exposed to the air cracks and 
crumbles into fragments which ultimately revert to their original 
condition of clay or nuid. Oil-shale, on the other hand, resembles 
hard dark wood or dry leather, and its quality in the field is measured 
by the degree of facility with which it can be cut and curled up with 
the edge of a sharp knife. It is free from grittiness, and is often flexible 
as well as tough. Some seams, such as those that crop out on the 
shore at Society, near Hopetoun House, instead of breaking up like 
blaes, form slabs sometimes a couple of feet in length, that are washed 
about and rounded on the edges by the waves. 

Miners draw a distinction between " plain " and " curly " shale, 
the former variety being flat and smooth, and the latter contorted 
or " curled " and polished or glossy on the squeezed faces. The same 
seam may be partly plain and partly curly, and the curly beds are often 
richer in oil than the plain portions. Shale is possibly curly because 
it is rich, as the higher percentage of hydrocarbon in some beds may 
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have rendered them more easily crumpled than the stronger but poorer 
iands alongside of them. _ . 

In internal structure, oil-shale is minutely laminated, which is 
apparent in the "spent shale" after distillation, when it is thrown 
out in fragments composed of extremely thin sheets, like the leaves 
of a book or flakes in a piece of pastry. 

In thickness, the shale-seams vary greatly. At certain locaUties 
they disappear and pass into ordinary carbonaceous blaes, and at 
others they swell to six, ten, or perhaps fifteen feet in thickness, with 
subdivisions of barren blaes or ribs of hard calcareous or irony 
cementstone. 

iv. Distinctive Geological Zones. 

Although the strata of the Oil-Shale Group are subject to remark- 
ably abrupt and extensive lateral change, yet there are certain zones 
which are curiously persistent, and are of great service in elucidating the 
structure of the various shale-fields (see Fig. 1, p. 5). Several of these 
horizons were recognised by Sir A. Geikie during his survey over 
fifty years ago. 

Lithological zones. — The lowest of these is the Burdiehouse Liwte- 
stone which hes below the oil-shales that have hitherto been worked, 
except those of Pumpherston. This bed is an estuarine or freshwater 
limestone of excellent quahty, with abundant plant, fish and entomos- 
tracan remains : it breaks with a characteristic glassy fracture, may 
be dark grey or cream coloured, is usually banded, and occasionally 
massive with chert bands. It varies from 5 to 48 feet in thickness, 
and is the only limestone which can be traced unbrokenly throughout 
the Scottish shale-fields ; 'although other beds of similar type are 
known in the shale-measures, they are comparatively thin and local 
in their occurrence. The stone is at present mined at Harburnhead, 
Newpark and Burntisland for iron smelting, and also at Burdiehouse 
and Straiton for building, gas purification and general purposes. 

Immediately above the Burdiehouse Limestone an oil-shale is 
usually found, which is referred to in this memoir as the Camps Shale. 
This seam has hitherto been erroneously identified with that resting 
on the Barracks Limestone (the Under Dunnet Shale). 

Above the Camps Shale, sandstone strata are usually developed, 
and in the Deans and Livingston district are at least 120 fathoms 
thick. They are known as the Dunnet Sandstones, but workable 
freestones are not common in this group, and the sandstones are largely 
replaced by blaes and marly strata over wide tracts of country north 
and east of Broxburn. 

Barracks Limestone and Ash. — On the top of these sandstones, and 
at the base of the Dunnet Shales, a limestone, in many ways resembUng 
the Burdiehouse seam, is found round Deans, Livingston and Pumpher- 
ston, but is of local occurrence, and thins out rapidly in all directions, 
not being traceable north or east of Philpstoun and Broxburn. It is 
surmounted by a volcanic ash, of much wider distribution. This bed 
is found as a soft, fine grained felspathic tuff, greenish in colour in 
the Mid-Calder region, but in the northern shale-fields contains 
much sedimentary material. The Barracks Ash is a new discovery 
in the shale-fields, but has already been traced for such long distances 
that it forms an excellent index horizon. 
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Binny Sandstone.— The Dunnet and Broxburn Oil-shales are separ- 
ated by an important zone of sandstones, of variable thickness, with 
some blaes and marls both above and below, which are known locally 
as the " Binny," "Hermand," "Humbie " or "Dalmeny" Sandstones. 
As this rock was first and most extensively wrought at Binny, this name 
has been selected to identify this horizon. The material obtained 
from Hermand quarry is a fijst-class building stone, contains nearly 
95 per cent, of silica, is very compact and not Uable to be affected by 
the weather. It is grey in tint, and its architectural quahties can be 
studied from the following buildings in Edinburgh, all of which have 
been exposed to the weather for more than 20 years, namely, the 
new part of the Calton Jail ; St. Andrew's Free Church, Drumsheugh 
Gardens ; the western section of the Royal Scottish Museum, Chambers 
Street ; and the Bank of Scotland, George Street. At Binny, the 
quarries which supplied the freestone for many of the finest buildings 
in Edinburgh during the first half of the nineteenth century, such as 
the Scott Monument, are now totally abandoned and full of water. 
The rock, which lies in thick beds separated by bands of blaes, is grey 
in hue and very strong and durable. It is hard and well adapted for 
lasting monumental work ; but its hardness, hke that of the celebrated 
Craigleith freestone, makes it costly to hew, and the quantity of unpro- 
ductive blaes between the beds, together with the increasing thickness 
of overlying material, have rendered the quarrjdng of it too expensive 
to be longer payable at Binny. When the quarries were in operation, 
blocks were obtained weighing as much as 17 tons. There were 26 feet 
of good building stone of a fine white colour below, and grey above, 
overlaid by 3 feet of hard sandstone, coV'ered by 31 feet of blaes. 

At Dalmeny this sandstone was exteilsively worked in the past, 
and the material was said to be superior in quahty to that of Binny. 
Among the Edinburgh buildings erected with Dalmeny stone are the 
Palace Hotel ; Union Bank, George Street ; the east side of Palmerston 
Place, and nearly all the east side of Coates Gardens. The sandstone 
is in thick massive beds with partings of blaes, and the upper part of 
the section shows much grey bituminous shale full of entomostraca, 
thus resembUng the sequence at Binny. The Binny Sandstone Group 
attains its maximum development east of Philpstoun, where it has 
been proved 70 fathoms thick in boring. 

Broxburn Marls. — The Broxburn Oil-shales are surmounted by a 
characteristic set of beds locally known as the " Broxburn Marls," which 
comprise greenish, niarly, or ashy clays, interbedded with carbonaceous 
shale and ribs of very hard, unfossihferous cementstone or calcareous 
bands that vary in thickness from an inch to over a yard. All over the 
West Calder district the top of the series is characterised by a band 
of cream-coloured or grey limestone, 3, 4, or 5 feet thick, lying almost 
immediately under the Fells Shale, and in boring for the latter seam 
this limestone is regarded as the infalHble " mark " of its position. 
No sandstone is found among the Broxburn Marls as a rule, and this 
curious series of beds points to a period of tranquillity over a wide 
area, succeeding the time of rapid ciurents that rolled along the pebbles 
and grains of sand during the deposition of the Binny Sandstone. 

Houston Coal. — Though a few thin coal seams have been opened 
out below this horizon, the Houston Coal is practically the lowest bed 
of workable coal in the Scottish Carboniferous system. With the 



10 The Geology of the Oil-Shale Fields. 

exception of the insignificant Two-foot Coal above the Houston Marls, 
the next bed of workable coal, situated in the Carboniferous Limestone 
Series, is separated from it by over 1000 feet of sedimentary strata. 
The Houston Coal is pyritous, of inferior quality, and, on account of 
its bad roof and soft pavement and the quantity of blaes interbedded 
with it, has seldom in recent years proved remunerative. That it was 
formerly extensively wrought near the surface is proved by numerous 
old outcrop-pits. The last attempts to work this seam were made by 
several of the oil-shale companies to obtain cheap furnace fuel, but the 
results were unsuccessful, and the pits and mines are now dismantled. 

Houston Marls. — The Houston Marls (so called), overlying the 
Houston Coal, are massive, amorphous, mudstone-like beds, which are 
hard when fresh, but crumble down on exposure to the weather. 
They are usually green, with some reddish or yellow bands. The 
individual bands vary considerably in thickness, and are separated 
by thin partings of hard kingle or cementstone that resist the weather 
and project in ribs beyond the decaying matrix. The Houston Marls 
appear to be unfossiliferous, and point to a complete change in the 
geological sequence of events over a wide area. In the West Calder 
district they reach a thickness of 150 to 200 feet or more, and they 
clearly indicate a long cessation of the conditions necessary for the 
deposition of oil-shale in that area. The occurrence of regular well 
defined parallel beds and bands of difierent colour points to aqueous 
action, and the absence of shaly intercalations suggests that the accumu- 
lation of this particular material must have been more or less continuous. 

Although locally called a " marl," it is doubtful whether this is 
a correct description in the true acceptation of that term, as marl 
is a mixture of clay and lime, usually derived from finely divided 
organic remains, and the only external resemblance between the 
two rocks is their hght colour, amorphous appearance, and the way 
in which they both crumble down under the influence of the weather. 
This deposit is not a true marl or mixture of clay and lime, as the 
chemical analyses which have been made show that the proportion of 
siUca to alumina is too high for ordinary silicate of alumina, which 
constitutes the basis of pure clay, and the percentage of lime seems 
too low to class it among true marls. 

Palceontological " Zones." — Two highly important marine fossil 
bands have lately been discovered in the shale-fields. One lies near the 
top of the group, immediately below the Mungle Shale, while the other is 
far bencatJi, close under the Pumpherston Shales. They both contain 
Goniutites and Orthocems, but the Mungle Shell Bed has" a much richer 
fauna in addition, and the fossils are in a better state of preservation. 

These bands have a very wide distribution. The Mimgle bed has 
been found in boring at Cobbinshaw, in the extreme south-west corner 
of the West Lothian Shale-field, and had previously been discovered, 
with an identical assemblage of fossils, in the Fordel railwav cutting 
east of the Forth Bridge, while it has also been traced down" the west 
side of the Midlothian Basin. The Pumpherston Shell Bed has been 
noticed in boring between Livingston and Pumpherston, in the heart 
of the West Lothian area, and has again been found in identical 
condition in the northern shale-fields at Duddingston and Queensferry ; 
this bed also extends down the Midlothian Basin as far south as Carlops^ 
and across to Burntisland in Fifeshire. 



General Geological Structure— The Main Faults. ]\ 

Lamellibrancli bands are rare in the productive shale-measures, 
but are abundant near the base of the Oil-Shale Group, between the 
Pumpherston Shales and the Arthur's Seat lavas. These basal beds 
also contain several bands of marine fossils, which are otherwise 
confined to the two horizons mentioned above (see also p. 92). 

V. General Geological Structure. 

Disregarding local details, there are certain broad general features 
which may be said to characterise the shale-measures. On referring 
to Sheet 32, it will be seen that along the western margin of this area, 
between Abercorn on the Firth of Forth and the Cobbinshaw Reservoir' 
the members of the Oil-Shale Group pass underneath the Carboniferous 
Limestone Series, while to the east thereof they are arranged in a series 
of folds, the axes of which generally run in a N.N.E. and S.S.W. direc- 
tion. By means of these undulations the oil-shales are spread over a 
wide tract of country, and the mineral wealth of that district has been 
greatly increased. These arches and troughs are traversed by several 
more or less powerful faults, traceable for many miles, and producing 
large displacements of the strata. 



THE MAIN FAULTS. 

In the West Lothian Shale areas there are five important disloca- 
tions, all of which have a general easterly or north-easterly trend. 
They constitute a system of trough faulting on a large scale, for those 
two which are situated in the northern shale-fields have a downthrow 
to the south, while the other three throw down to the north. 

The most southerly of these parallel lines of disruption is the 
Murieston Fault, which has a downthrow to the north and runs from 
near Baads Mill, north of Cobbinshaw Reservoir, in a north-east direc- 
tion by Murieston House towards Kirknewton. That it must have a 
large amount of displacement is evident from the fact that, near Skivo, 
about three miles south-west of Mid-Calder, it brings the Burdiehouse 
Limestone and associated strata on the north into contact with the 
lavas and tuffs of Corston and Linhouse Water, which have been 
correlated with the volcanic rocks of Arthur's Seat. Further east, 
between Kirknewton and Dalmahoy Mains, it lets down the oil-shale 
measures against the Cementstone Group. 

The next dislocation is the Calder Fault, which has a nearly parallel 
course to that just described, with a smaller downthrow in the same 
northerly direction. At Mid-Calder it truncates the basin of oil-shales 
on the south, and there brings down beds overlying the Broxburn 
Shale against strata below the horizon of the Pumpherston Shales — 
a displacement, probably, of about 1500 feet. The ground between 
Mid and West Calder is greatly cut up by branches thrown off 
from this line of disturbance. South-westwards the fault has been 
traced across the West Calder field by Hermand and Little Hartwood 
to the north of Baads Mill, where it apparently dies out. 

Still further north we find the Middleton Hall Fault, which extends 
from Seafield, past Dechmont, in an E.N.E. direction to Middleton Hall. 
At the latter locahty its trend becomes more easterly, and by means 
of bores and mining operations it has been traced eastwards towards 
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the Almond railway viaduct. The amount of displacement at Middleton 
Hall is 1566 feet, where beds not far below the horizon of the Cobbinshaw 
Limestone are brought against strata associated with the Broxburn 
Shale. Further east, at Kilpunt, between Broxburn and the river 
Almond, the downthrow is about 840 feet and the fault probably 
continues still further eastwards beyond Corstorphine. 

The other two important lines of disruption difier from those 
already mentioned in having a displacement to the south or south- 
east instead of towards the north. The first of these is the Winch- 
burgh Fault, which begins north of Ecclesmachan and can be traced 
to the south of Kirkliston, whence it probably turns north-east and 
passes out to sea near Snab Point. The last is the Ochiltree Fault, 
which begins about a mile and a half west of Ecclesmachan and trends 
E.N.E. by Craigton and Westfield to Dalmeny, where it divides, one 
branch proceeding eastwards, and the other turning towards the south- 
east. The maximum downthrow of this fault occurs at Dalmeny, where 
it is about 1600 feet. 

These major fractures are accompanied by many others, running 
in a general east and west direction, which often shift the outcrops 
of the oil-shales to a considerable extent. 



THE MAIN FLEXURES. 

The series of faulted outcrops of the oil-shales along the west 
margins of the West Lothian field may be regarded as a part of 
the eastern limit of the great basin in which lie the Stirlingshire 
and Lanarkshire coal-fields. The most striking feature of the West 
Lothian field, however, is the system of folding, which may be said 
to characterise the whole area, differentiating it from a,ny other Carbonif- 
erous tract in Scotland. The flexures are usually normal, but in a 
few cases the strata become vertical or slightly inverted. 

These folds were established long before the formation of the great 
east and west faults, and there are three main antichnal ridges which, 
with their complementary troughs, can be traced right through the 
shale area across the faults. These facts are emphasised here, because 
they have a vital bearing on the discovery of new fields, since they 
often enable us to foretell the probable structures of improved ground. 

The Dechmont Arch begins a mile north-west of West Calder 
and runs N.N.E. past Cousland, Barracks, Dechmont, West Binny 
Reservoir and Hangingside, ending on the west side of Philpstoun. ' 

The Pumpherston Arch begins south-west of Mid-Calder and 
passes northwards through Pumpherston, Broxburn and Winch- 
burgh, reaching the sea-coast at Hopetoun : between these two folds 
the Middleton Hall Trough can be traced from Newfarm past Uphall, 
but it terminates north of Ecclesmachan, and is considerably split up 
by subsidiary folds. 

The Kirkhston Arch begins some distance south of Kirkliston, 
and can be followed northwards through Humbie to the sea-coast west 
of Port Edgar and even across the Firth of Forth to Rosyth. The 
corresponding syncline to the west, known as the Drumshoreland 
Trough, is very clearly marked, and extends from Mid-Calder, through 
Niddry, Westfield and Duddingston to the coast. East of the 
Kirkhston Arch there is the Queensferry Trough, a deep compound 
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fold branching out to the south towards IngUston. This deep syncUne 
crosses the Firth into Fife, its axis corresponding roughly with the 
line of the Forth Bridge. Other folds are also developed in the Fife 
shale-fields, but as they are not widespread they call for no attention 
here. An exception should be made, however, in favour of the broad 
anticline at Burntisland, which, as Sir A. GeiMe long ago indicated, 
is essentially a prolongation of the Pentland Hills axis. 

A complex series of minor undulations he amongst these major 
folds, to which full reference will be made in the detailed descriptions 
of the individual shale-fields. 

IGNEOUS ROCKS. 

The igneous rocks which come within the hmits of the oil-shale • 
measures of Mid and West Lothian may be grouped in the following 
order : — (a) contemporaneous, represented by volcanic tufEs inter- 
stratified with the sediments ; (6) intrusive, comprising (1) necks of 
tuff or agglomerate ; (2) sills and dykes of dolerite, basa,lt and diabase. 
As the petrography of these volcanic materials has been described 
in the Memoir on " The Geology of the Neighbourhood of Edinburgh 
(Sheet 32)," only a brief description of their distribution and mode of 
occurrence will here be given. 

Contemporaneous Tuffs. — There are two \ndespread horizons of 
interbedded volcanic tuff. The lowest, or Barracks Ash, lies at the 
base of the Dunnet Shale Group, and is a soft greenish felspathic rock 
in the Mid-Calder region, but in the northern shale-fields contains much 
fine sedimentary material. The higher beds he immediately above 
the Two-foot Coal, and are well marked over the north-western parts 
of the main shale area. They are generally fine grained, and when 
decomposed are easily mistaken both by geologists and mineral borers 
for the Houston Marls which lie below that coal seam. 

Vokanic Necks. — The ash necks which pierce the oil-shale measm-es 
are seven in number, and occur at the following localities, viz. : — (1) 
Ecclesmachan ; (2) Niddry Castle ; (3) near West Binny ; (4) Gallows- 
crook, near Philpstoun ; (5) Binns Hill ; "(6) at West Shore wood, 
about a mile west of Abercorn ; (7) near Society, east of Hopetoun 
House. It is a significant fact that these vents are situated in the 
northern portion of the Lothian Shale area. 

At Ecclesmachan village, a mile north of Uphall, one of these 
volcanic orifices forms the Tar Hill, which is an oval-shaped, smooth- 
backed knoll of yellowish tuff, containing baked fragments of the 
surrounding rocks, and shaped hke an old hill-fort, flanked on its 
northern, western and southern sides by a broad hollow, but sloping 
gently to the east. A spring of sulphuretted-hydrogen water, known 
as the BulHon Well, bubbles up at its southern edge, and probably 
rises from the fissure between the volcanic plug and the surrounding 
sedimentary beds. The Houston Coal has been worked in old pits 
up to its edge on the eastern side, and the neck cuts through the Fells 
Shale on the north and west. A tjrpical example, which is pierced 
by two plugs of basalt, occurs at Niddry Castle. The general incUna- 
tion of the beds around Winchburgh is north-west, but for some 
distance all round this orifice they dip towards its centre. The 
matrix of this ash is sandy and felspathic,. and contains fragments of 
black shale and ironstone. The neck on Binns Hill forms a prominent 
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feature in the landscape. The rook is a greenish-grey felspathic tuff, 
frequently veined vrith carbonate of lime, and contains fragments of 
baked shales and ironstone. A small plug of basalt occupies the 
highest portion of this hill. 

Another example of special interest occurs below Grallowscrook, 
half a mile north-east of Philpstoun station, where a stone mine was 
driven through the volcanic orifice in 1896 by Messrs. James Eoss & 
Co., Philpstoun. While driving a level in the Broxburn Shale, at a 
depth of about 120 feet below the surface, the miners found that the 
inchnation of the strata suddenly changed from north to east. The 
trend of the level course (which coincides with the strike) was at first, 
roughly speaking, nearly east and west, and as the level was being 
driven towards the east the change of dip caused it to swing round 
to the south. A cross-cut was then carried south-eastwards from 
the roof of the seam horizontally through the strata, and after pene- 
trating a few yards into the overlying beds the miners were 
suddenly confronted by a vertical wall of hard volcanic material, 
somewhat slickensided, Uke the face of a fault. The mine was driven 
right through this obstruction, and after about a year and a half of 
laborious work the shale was found on the other side in good con- 
dition, but dipping towards the north-west at a steep angle. The walls 
of the neck in the mine were quite perpendicular, and the thickness 
of the volcanic plug was 360 feet from wall to wall along this line of 
section. The neck is oval-shaped, and measures about 700 feet along 
its major axis. 

When the mining operations were in progress Mr. Cadell carefully 
examined the rock section, and found little or no evidence of contact- 
metamorphism or thermal action. The oil-shale was almost unaltered 
to within one or two feet of the neck, but in places it showed signs of 
induration by heat in the immediate neighbourhood of the ash. The 
line of division was perfectly sharp and regular, and the volcanic rock 
showed signs of having subsided after consoUdation and drawn down 
the surrounding strata, so as to make them dip inwards on all sides Uke 
a funnel. The actual junction was occupied by a few inches of crushed 
shale or soft breccia, as is common along the walls of faults. 

The tuff itself varied greatly in character and structure. It was 
mostly fine grained and light coloxired, and was in places excessively 
hard, almost flinty in texture, but when exposed to the weather it 
soon crumbled down into sandy mud. Here and there, it was impreg- 
nated with iron-pyrites, and contained large blocks of black shale and 
other sedimentary materials ; or again, it was interspersed with small 
drusy cavities or veins of pitch or soUd paraiBn, derived no doubt 
from the distillation of the hydrocarbons in the shale.* 

Sills. — There are five distinct sills of teschenite in the West Lothian 
Shale area. These sheets were intruded probably before folding 
commenced, certainly long before the main faulting took place. They 
share in all the dislocations of the strata, and are comparatively 
constant to their respective horizons. They comprise the Mons Hill 
"float," lying considerably below the Pumpherston Shales, the Hope- 
toun Sill, not far below the Burdiehouse position, and the three sills 
which are especially well developed in the central parts of the shale area 
near the Dunnet, Broxburn and Houston Coal positions. In addition 

* This neck is fully described in the Trans. Geol. Soc, Edin., vol. vii. p. 477. 
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to these intrusions there are sills of quartz dolerite of much later 
date which were injected probably about the same time as the east 
and west faulting was developed, and these intrusions change their 
position much more rapidly than the teschenites. The most important 
quartz-dolerite sills are those of Inverkeithing, West Craigs, Ratho, 
Craigton and Bangour, and it is not known whether these belong to 
separate intrusions or not. 

The effects of these dolerite sills on the oil-shales are considered 
in detail in the chemical portion of this memoir (see p. 168). The extent 
of the alteration has apparently no constant relation to the thick- 
ness of the intrusive sheet, and is often very slight. For instance, 
No. 1 diamond bore, at Westwood, near West Calder, went through a 
sohd mass of " green whinstone," 261 feet thick, with about 6 feet 
of " burnt blaes " immediately beneath. Sixteen feet below the bottom 
of the sill, the top of the Broxburn Shale Group was struck, 35 feet 
thick, the included oil-shales being practically unaffected by the 
igneous rook above : * many similar instances might be cited. On the 
other hand, cases are known {e.g. the Nether Dechmont boring near 
Livingston, the Wyndford bore at Binny, or No. 94 bore, Pumpherston) 
where 300 feet or more of strata have been pierced, all of which are 
badly burnt, the oil-shales completely destroyed, and the strata 
reeking with oil, although there are only occasional sills of dolerite, 
a few inches thick, throughout the section.f In another boring 
(No. 418), by James Ross & Co., south of Philpstoun, the plant 
remains in the blaes beds were all carbonised and the oil-shale positions 
useless, for over 150 feet above a dolerite sill, whose thickness was 
not proved. In fact the extent of the alteration is apparently related 
to the length of time the igneous rock has been flowing between the 
bedding planes of the sediments, rather than to the size of the 
intrusion. 

Contact alteration of marls or marly blaes often presents features 
of interest : in certain instances there are many feet of hardened 
"spotted marl" on top of the sill {e.g. on the Mons Hill dolerite at 
Whitehouse Point, in the Barnton railway cutting west of Edinburgh, J 
or in the Swineburn diamond bore near Humbie) crowded with small 
white spheroids set in a greenish matrix : at the same time the cement 
ribs in the marls seem to become more calcareous. 

When the alteration is extreme, beds of dark blue blaes may be 
completely whitened at the contact with the igneous rock : in such 
cases the dolerite itself is converted into " white trap " and greatly 
decomposed (Duddingston diamond bores). 

* In this case therg was excellent proof that the siU had absorbed little, if 
any, of the surrounding sediments, but had simply forced the strata apart : 
No. 2 bore, half a mile away, found no dolerite whatever, and the strata above 
the Broxburn position agreed exactly with those in No. 1 bore, if in the latter the 
dolerite be removed. 

t Mr. E. B. Bailey, reasoning by analogy from the behaviour of modern 
basalt lava flows (see Tempest Anderson, Quart. Journ. Oeol. Soc, 1910, vol. 
Ixvi. p. 621), makes the most interesting suggestion that in these oases there may 
originally have been a thick intrusion of dolerite which subsequently moved on, 
and left but a small remnant behind. 

t At Barnton these contact-altered marls contain garnet, idocrase and woUa- 
stonite. See " The Geologv of the Neighbourhood of Edinburgh " {Mem. Oeol. 
Sum.), imo, p. 315. 
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vi. Detailed Dbsceiption of the Shale-fields. 

1. Cobbinshaw Field. 
[Edinburgh, 11 S.W., S.E., and 17 N.W., N.E.) 

The Cobbinshaw field lies at the extreme south-western liinit 
of the Lothian Shale region : it surrounds Cobbinshaw Reservoir, 
and is bounded on the north by the Calder Fault, on the west by 
the outcrop of the Cobbinshaw Limestone, and on the south by the 
Wilsontown Fault. 

In one respect at least the field is unique, for the whole of the 
Oil-Shale Group outcrops within this comparatively small district. 
This long sequence of strata has been proved in recent diamond 
bores, and through the courtesy of those interested the Survey have 
been able to examine most of the cores in detail. This is a matter 
for congratulation, since the situation of the field makes, it of quite 
exceptional interest from the stratigraphical point of view. 

The area has lately been the seat of exploration to determine 
how far the oil-shale measures extend into the Lanarkshire basin 
lying to the south-west. As this problem is of great economic 
importance, some general considerations on the question may here be 
discussed. 

The Lower Carboniferous rocks of the Central Valley of Scotland 
were laid down in a large basin, having an irregular floor of Old Red 
Sandstone and Silurian rocks, which kept above water for some time, 
in the form of ridges against which the earlier Carboniferous sedi- 
ments were deposited. One of these banks of older rock runs past 
the south end of the Cobbinshaw field, as a continuation of the great 
Pentland Ridge. The proximity of this old shore Hne has had a very 
serious effect on the productive capacity of the Cobbinshaw field. 
Although the highest beds of the Oil-Shale Group, from the Cobbin- 
shaw Limestone down to the Fells Shale, are quite normal, yet below 
this level there is not only a general attenuation of the strata, but 
unfortunately the shales themselves are affected. No workable 
shale has ever been found below the Fells, although the positions 
of the Broxburn, Dunnet and Camps Shales can all be recognised. 

Similarly, in the Wilsontown district to the south-west, the sequence 
down to the Raeburn Shale agrees perfectly with that in the West 
Lothians, but some distance below that level a complete change sets 
in. This conclusion leads one to suggest that any future attempts 
to find shale to the south-west of Cobbinshaw and Tarbrax should 
be confined to the strata close beneath the outcrop of the Main or 
Cobbinshaw Limestone. This matter will again be referred to later 
on (p. 19). 

The strata in the Cobbinshaw field dip in general towards the 
west or north-west, under the Carboniferous Limestone Series. North 
of Cobbinshaw Reservoir they he in a deep basin opening to the 
south, an antichne coming from the West Calder field intervening 
between this fold and the outcrop of the Main Limestone (see Fig 2) 

There are several large faults, two of which, one at each end 
of the reservoir, trend N.W. and have a downthrow to the south- 
west. A continuation of the east and west Wilsontown Fault 
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marks the southern boundary of the field, bringing up strata 
about the Burdiehouse position against the Fells Shale. 

Pwmfherston Shales. — A recent 
diamond bore was put down by 
Messrs. Barr & Fraser, by the side 
of the burn one mile east of Har- 
burnhead Hill. This boring started 
about 70 fathoms below the 
Burdiehouse Limestone, probably 
just below the Pumpherston posi- 
tion. This conclusion is supported 
by the general attenuation of the 
strata in the Cobbinshaw field, and 
more particularly by the discovery 
of an encrinital limestone near the 
top of the bore, for no such bed is 
known in the Lothian Shale-fields 
above the Pumpherston position 
until the Mungle Shale is reached. 
At 62 fathoms the bore entered the 
Crosswood volcanic ash, which out- 
crops in the stream to the east ; 
82 fathoms below the ash another 
band of encrinital hmestone was 
met with resting on a dolerite sill, 
and the bore ended at 206 fathoms, 
just below three bands of entomos- 
tracan hmestone, from 2 to 4 feet 
thick. Limestones of this type are 
found three miles to the north, 
resting on the Corston Hill lavas, 
and it is practically certain that ^- 1 u ,| | 

a few fathoms further down the 
lavas themselves would have been 
met with, since they outcrop a mile 
east of the bore. No shale seams 
of any value were found. 

Around Harburn, some 50 
fathoms of strata immediately be- 
low the Burdiehouse Limestone 
were proved many years ago by 
chisel bores, without result. The .. // / 

remaining 20 fathoms, lying above 
the highest bed in Messrs. Barr & 
Fraser's bore, probably contain the 
position of the Pumpherston Shales, 
but there is no reason whatever 
to beheve that the shales would 
te workable, bearing in mind the 
condition of the overlying Camps, 
Dunnet and Broxburn Shales in 
this district. 

Burdiehotise Limestone. — In the 
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Bog Burn below Kiprig, the Burdiehouse Limestone has been mined, 
and on the east side of the railway it was worked open-cast, being 
about 17 feet thick in both sections. To the south-west of Harburn- 
head it was first opened out in a large quarry, but on account of the 
increasing cover of peat and drift it is now mined. Here it is 23 feet 
thick, with a fireclay pavement and roof. The Camps Shale is not 
represented, its position being occupied by kingle and sandstone 
beds. The continuation of the outcrop further south to the Reservoir 
House Fault has been proved by boring. 

In 1911, a diamond bore on Cobbinshaw Hill was put down from 
the outcrop of the Fells Shale, and found the Limestone 25| feet thick, 
covered by fireclay and sandstone beds. Both here and in the Har- 
burn mines the Umestone is very pure, creamy to grey in colour and 
with a glassy fracture : a carbonaceous band runs through the centre. 
The chert bands and the Platyostomella pavement found in the Raw 
Camps district do not occur here. 

Dunnet and Broxburn Shales. — Between the outcrop of the Burdie- 
house Limestone just described and the Reservoir House Fault, there 
is a well defined basin with about 80 fathoms of overlying strata in 
the deepest part, near the fault (Dunnet Sandstone Group) . These beds, 
as proved in the Cobbinshaw Hill boring, consist of greenish-grey 
sandstones and conglomerates, with beds of red, brown and green marl. 
At the top of this series, 66 fathoms above the Burdiehouse Limestone, 
there was an entomostracan limestone about a foot thick, covered by 
a rib of volcanic ash, representing the Barracks Limestone and Ash. 
Some 15 fathoms above this horizon there was a limy kingle with Platy- 
ostomella, followed by dark blaes accompanied by bands of sandstone, 
thin shale ribs and coaly blaes, the latter full of Lingula shells. These 
strata were about 10 fathoms thick, and they represent the position 
of the Dunnet Shales. Above these were some 40 fathoms of banded 
grey sandstones with thick beds of brown and greenish marl belonging 
to the Binny Sandstone Series, the marls being very prominent in 
the middle and lower parts of the section. The Broxburn Shales 
were represented by a bed of blaes 12 feet thick, with two thin shale 
bands, and the overl5ang Broxburn Marls, 30 fathoms thick, con- 
sisted of green and grey marls with bands of entomostracan hmestone, 
limy cements and sandstone. 

, In the Cobbinshaw Basin, south-west of the Reservoir House 
Fault, the upper shales appear, together with the Houston and Two- 
foot Coals. Cobbinshaw Reservoir occupies the centre of this fold, with 
the Fells Shale nearly 800 feet below the level of the water (Fig. 2.) 

Fells Shale and Limestone. — The lowest workable seam in this 
district is the Fells Shale ; indeed it is the principal oil producer of 
the field, and has been wrought by mines both north and south of 
the reservoir, and at Tarbrax. The Shale thickens towards the 
west and south, being over 3 feet thick in a bore near Viewfield Pit, 
with 14 inches of " wild shale " above, and 4 feet south of Tarbrax ; 
on the east side of the basin it is about 28 inches thick, with 8 inches 
of shaly blaes below. All over the field a band of cream-coloured 
or grey hmestone, with Spirorbis and entomostraca, Ues belew the 
shale, affording an excellent index to the seam ; it is from 2 to 
4 feet thick, and is separated from the shale by 3 or 4 feet of dark 
blaes with fish remains, entomostraca and small lingulas. The 
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shale is now being worked by the Tarbrax Oil Co. south of the 
reservoir. 

Houston Coal— Some 16 fathoms of fakes, blaes and sandstone 
separate the Fells Shale from the Houston Coal. The coal has been 
wrought in the North and proved in the South Cobbinshaw fields. 
Its average thickness is six feet, but there are many partings of blaes 
and fireclay, so that the seam is of httle economic value. 

Raeburn and Mungle Shales, and Two-foot Coal— The strata from 
the Raeburn down to the Fells Shale have recently been proved 
in a diamond bore put down south of the reservoir, and the cores 
have been examined by the Geological Survey with valuable results. 
In this bore, above the Houston Coal, the Houston Marls were repre- 
sented by 30 fathoms of green and brown marls with partings of 
limy sandstone, and at the top of this series, a nine-inch coal occurred 
in the Two-foot position. Above this were some 40 fathoms of blaes 
with clay ironstones, thin ribs of shale and coal, and some fireclay 
and sandstone beds, capped by the Raeburn (or Fraser) Shale. In 
the blaes, 17J fathoms below the Raeburn position, was an eighteen- 
inch shale, part curly, representing the Mungle Shale of West Calder, 
and immediately beneath was a layer of grey pyritous blaes, weather- 
ing like an alum shale, which was crammed with marine shells. This 
fossil bed is of particular interest, because such strata are extremely 
rare in the shale-measures, and are so persistent that they make 
admirable index horizons ; this Mungle Shell Bed, although only 
a foot or so thick, has been traced into Fife and Midlothian, still 
retaining the same peculiar assemblage of fossils. The shells fre- 
quently show beautiful iridescent colouring, and are in a remarkably 
fine state of preservation : a provisional list of the abundant fauna 
appears on p. 93 (see also Plate I.) 

The Raeburn Shale has of late years been worked to a consider- 
able extent around Tarbrax. The seam is locally known as the Fraser 
Shale, but it appears very probable that it is identical with the Raebiu-n 
Shale of the West Calder field ; it runs from 4 to 10 feet in thickness, 
but is somewhat erratic, being liable to abrupt " rolls " and " wants." 

On the current Survey maps an Upper and a Lower Raeburn 
Shale are shown, the former being the Fraser or Raeburn Shale proper. 
Corrections are necessary in the mapping of these seams, especially 
on the north side of Cobbinshaw Reservoir, and the new lines are 
approximately indicated on the accompanying small scale map (see 
Plate III. at end of volume.) 

When traced southwards up to the Wilsontown Fault, both the 
Fells and Raeburn Shales thicken up. It is therefore quite possible 
that they can be found in good condition on the south side of the 
fault, to the east of Auchengray railway station. The outcrops 
cannot be indicated without boring, but isolated exposures in stream 
sections show strata dipping at a very gentle angle to the north- 
west. 

The Raeburn Shale is covered by 7 or 8 fathoms of fireclay and 
sandstone beds, above which are thick beds of blaes with one or two 
thin hmestones and coals of very inferior quahty. About 50 fathoms 
above the Raeburn is the Cobbinshaw Main Limestone and Coal, which, 
as in the previous edition, is here taken as the dividing hue between 
the Oil-Shale Group and the overlying Carboniferous Limestone 
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Series. This seam has hitherto been correlated with the Hurlet 
Limestone and Coal, which are indeed of identical character. Neverthe- 
less, the recent revision of the limestone measxires along the south side 
of the Lanarkshire coal-field, shows that the Cobbinshaw limestone in 
reality lies below the Hurlet. It is, in fact, the same as the Carluke 
Main Limestone, the thick Main Post or Howrat Limestone of North 
Ayrshire, and the Blackbyre Limestone of the Glasgow district, and 
therefore forms a much more convenient base to the Limestone Series 
than the Hurlet horizon. 

The coal imder the Cobbinshaw Limestone is 5 or 6 feet thick, and 
although pyritous and of poor quality, it can be utilised for steam- 
raising purposes, for which it is now being worked by the Tarbrax 
Company. 

Both limestone and coal are also being wrought by Messrs. Macara 
in a small mine on the west side of Cobbinshaw railway station, the 
stone being of excellent quahty. Between the limestone and coal 
is a foot or so of alum shale, with small fossils beautifully preserved' 
in pyrites. 

2. West Calder Shale-field. 

{Edinburgh, 11 N.W., S.W. ; Linlithgow, 12 N.E.) 

The West Calder Shale-field covers an extensive area, and has been 
mined from the earliest days of the shale industry. It is bounded to 
the north by the east and west fault south of Brotherton, to the east 
and south by the Murieston Fault and to the west by the outcrop of 
the Cobbinshaw or Main Limestone. The sequence of strata is con- 
siderable, as the whole of the Oil-Shale Group above the Burdiehouse 
Limestone reaches the surface. 

At the west end of West Calder village is the axis of a broad anti- 
cHne which traverses the field in a general north and south direction. 
On the south-east side of this fold, a deep basin appears round Hart- 
wood, while several minor folds occur at the northern end of the field, 
against the Brotherton Fault. 

For convenience of description advantage is taken of the bisection 
of the area by the Calder Fault, trending south-west. The area south 
of this dislocation will first be described. 

Southern portion {Hartwood and Hermand). 
(Edinburgh, IIN.W. and S.W.) 

The accompanying section (Fig. 3) has been drawn across the 
strike of the beds from Baads Mill to a point near Hermand House, 
where it crosses the Mid-Calder Fault and terminates on the outcrop 
of the Burdiehouse Limestone to the south of Limefield House. 

A glance at the section shows that between Hermand and Hartwood 
the various seams lie in a deep basin crossed by several faults, while to 
the west of the latter point the beds rise in the form of a low anticline 
which is also traversed by a dislocation. From West Hartwood farm 
to Baads Mill the upper members of the Oil-Shale Group are gently 
mchned to the south-west and pass under the Carboniferous Limestone 
Series to the west of the mill, which forms the eastern edge of the 
Bathgate coal-field. This portion of the shale-field is intersected by the 
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Hartwood and Murieston Waters, both 
afiording excellent natural sections. 

Burdiehouse Limestone and Pumpher- 
ston Shales. — The outcrop of the Burdie- 
house Limestone has not yet been proved 
between Dovitshill and Muirhouse, at 
the north-east end of the field, but a few 
years ago a boring to the south-east of 
Dovitshill found shale beds outcropping 
at a steep angle, which probably repre- 
sent the Pumpherston Shales. There 
may be a considerable area of these 
seams hereabouts, and the ground merits 
further exploration. The Camps Shale, 
however, could not be counted on, 
judging from its poor condition in the 
stream to the north, at Limefield House. 

Dunnet Shale. — In this field, at Her- 
mand, were the first workings of the 
Dunnet seam in the Lothians. Several 
diamond bores .were put down a few 
years ago to test the advisabiUty of re- 
opening the area : they showed that the 
shale averaged ten feet in thickness, but 
thinned out towards the south. Under 
the seam were 40 to 50 feet of dark 
blaes with hard ribs, at the base of 
which there was a good deal of shaly 
blaes representing the Under Dunnet 
Shale of. the Deans and Mid-Calder fields. 
Immediately beneath were sandstones 
with conglomerate bands, no trace of the 
Barracks Limestone being found (see p. 
30). These belong to the Dunnet Sand- 
stone Group, and are very strongly 
developed in the West Calder district. 

Shale and shaly blaes in the Under 
Dunnet position are well seen in the 
banks of the stream below Dykefoot, 
and 52 feet above the main Dunnet 
Shale, 10 feet thick, is visible. This is 
overlaid by several feet of grey marly 
blaes or fireclay, with characteristic 
thin brown ribs ; these are locally known 
as the Dunnet Marls, and, in the Pum- 
pherston district, attain a thickness of 
several hundred feet. Here these beds 
are succeeded by sihceous strata repre- 
senting the Binny Sandstone, consisting 
of scattered outcrops of grey and 
greenish sandstones with blaes and iron- 
stone bands. In the middle of the series 
there is a pale ochreous hmestone one 
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foot thick, overlaid by thin black bituminous shale with a sandy- 
band, both containing entomostraca. The thickness of strata be- 
tween the Dunnet and Broxburn Shales is here estimated to be about 

420 feet. ^ . , ^ .^ 

The Broxburn Shale is not now exposed at its outcrop, but its 
" waste," where the seam has been worked out, is visible just above 
the bridge which carries the West Calder and Harburn road across the 
Hartwood Water. This seam has always been an inferior one in the 
West Calder district, its average thickness being generally below 
three feet, with a yield of about 20 gallons of oil per ton. To the 
south-west of Danderhall a mine was driven into this shale, and proved 
it to be six feet thick. 

The Broxburn Marls lie immediately above the Broxburn Shale, 
and are well exposed in the bed of the Hartwood Water when the 
stream is low, where they reach a thickness of 46 fathoms. Here the 
beds are chiefly bluish and greenish grey blaes and marls, with 
numerous bands of faky sandstone alternating with ribs of hard 
cementstone varying in thickness from one inch to three feet. Towards 
the top of this series many seams of blaes with ironstone bands occur, 
and in the middle there is a coarse dark limestone from six to eight 
feet thick, which passes upwards into soft green calcareous blaes 
with bands and irregular nodules of calcareous ironstone or cement- 
stone. This limestone bed contains lepidodendra, fish scales, and 
entomostraca. Above these Broxburn Marls comes the well-known, 
cream-coloured, unfossiliferous limestone, from twenty to thirty-six 
inches thick, which constitutes the " index " to the Fells Shale and lies 
immediately below that seam. 

The Fells Shale, as seen in the Hartwood Water, is at least six 
feet thick. In the stream and a short distance from its outcrop, 
the dip changes from south-west to south-east and becomes much 
steeper, while at the bridge below Westmuir the fissile sandstone, 
which forms the roof of this shale, can be seen dipping to the south- 
east at 45°-50°. The continuation of this outcrop to Little Hartwood 
is purely conjectural. 

The South Hermand field, in the neighbourhood of Birniehill, 
was worked both by pits and mines for some years by the Hermand 
Oil Co., Limited, but has been abandoned " on account of the number 
of faults which intersect the ground and the heavy pumping that was 
necessary to keep the workings dry " (Cadell, Trans. Ed. Geol. Sac, 
vol. viii. p. 129). The faults on the east side of this basin between 
Danderhall and Birniehill have been laid down from evidence obtained 
from the mining plans of that period. 

The Fells Shale is separated from the Houston Coal by 200 feet 
of strata, which, from boring records and surface evidence, con- 
sist of fissile grey sandstones and dark faky blaes with several 
clay-band ironstones. This coal seam has been proved in two old 
pits on the west side of the Hartwood Basin, and, in this portion 
of the field, its quahty is superior to that in the immediate neigh- 
bourhood, being well suited for steam and, to some extent, for 
domestic purposes. 

The section given below, furnished by the late Mr. Williamson, 
Mining Engineer, Edinburgh, shows the character of the Houston 
Coal in this district. 
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Coai 

Sklut . 
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To the south of Hartwood House the Houston Marls have been 
bored, consisting of a series of green fakes, light and brown fireclays 
with cement bands, 230 feet thick, which are succeeded by the Two- 
foot Coal. This seam has a bad roof, has been little wrought, and is 
valuable only as an index to the position of the shales above. The 
Mungle and Eaeburn Oil-shales with the normal thickness of inter- 
vening strata also occur in the Hartwood Basin, the latter seam 
yielding the following section in several bores : — 

Roof, Shaly Blaea. 
iShale 

Brown Blaes . 
Shale 

Fireclay 
Shale, with ribs 
Shale, soft leafy 

9 11 

Three and a half fathoms below the leafy shale is another oil-shale, 
42 inches thick. In the early days of shale-mining the upper seam 
was regarded as the richest oil-producer in the West Calder district. 

It is worthy of note that in the centre of the Hartwood Basin there 
is a thickness of 1040 feet of strata above the Dunnet Shale together 
with 63 feet of surface deposits. Had the centre of the fold been 
two hundred and fifty feet deeper it would have contained a small 
outlier of the Cobbinshaw Limestone. (Fig. 3.) 

The position of the S.E. and N.W. fault with a downthrow of 17 
fathoms to the north, between Mid-Hartwood and Hartwood, is in- 
ferred from the bores put down many years ago over this ground. At 
the former locality, a pit, 10 fathoms deep, was simk to the Houston 
Coal, and a short distance to the N.W. the Fells Shale was opened 
out by a small mine about 230 feet long, and from the bottom of this 
incline about 300 yards of levels were driven. In the early days of shale- 
mining this seam was termed the " Hartwood " Shale, but afterwards 
it was correctly correlated with the " Thick " Shale (Fells) of the West 
Calder district. The face of this seam had 4 inches of " plain " shale 
on top and 18 inches of " curly " below, which is much less than the 
average thickness in this district. A small bench of retorts of the 
type then in use was erected close to the mine mouth, and the jrield 
of oil from the " curly " portion of the seam is reported to have been 
about 40 gallons per ton. 

The underlying Broxburn Marls, about 40 fathoms thick, are well 
exposed in the stream below Mossend, being similar to those already 
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described lower down this water. In the centre of these marls the 
hmestone abeady mentioned with entomostraca, fish and plant remams, 
is seen at the junction of the small stream below Mossend. At their 
base the crest of the anticlinal fold between the Calder and Mid-Hart- 
wood Faults carries a small outcrop of the Broxburn Shale, which, 
in old mining reports, is called " Thorntons " Shale. The Dunnet 
Shale should be about 70 fathoms below the surface at this point. 

Northern Portion. 

This part includes the area between the Calder Fault and the dis- 
location which extends from Wester Breich to Brotherton, where the 
various seams lie in a series of sjoiclines and antichnes. 

To the north-east of West Calder the Burdiehouse Limestone crops 
out between these two faults, and from this point there is a steady up- 
ward succession of the strata to the Houston Coal. To the south-west 
of West Calder the anticlinal fold of West Hartwood continues on the 
north side of the Calder Fault, which brings the Broxburn Shale to the 
surface close to West Calder, while to the north-east and north-west 
of the village the strata he in a series of shallow synchnal folds. To 
the west of West Calder the upper seams have a general westerly dip, 
and after a series of gentle undulations pass under the overlying Hurlet 
Limestone. The south-west portion of this area is intersected by 
several easterly and westerly faults. 

The Burdiehouse Limestone, which is exposed in the railway cutting 
at Blackmire, forms the eastern margin of this area. Here it is 40 feet 
thick, and, after a short distance, is succeeded by nearly 500 feet of 
strata, composed of green felspathic sandstones with fine conglomerate 
bands and blaes partings. On the Hartwood Water, above Limefield 
House, this limestone is overlaid by a bed of yellow sandstone succeeded 
by a few feet of shaly blaes representing the Camps Shale. It is sur- 
mounted by a grey sandstone, about 70 feet thick, a portion of which 
was extensively worked on both sides of the railway. 

Six hundred feet of soft sandstone strata with conglomerate bands 
and partings of greenish marly blaes separate the Burdiehouse Lime- 
stone from the Dunnet Shale in the Hartwood Water, the latter seam 
being well exposed in the stream to the north of Hermand, with 25-30 
feet of grey sandy marls and thin brown ribs on top. In one of the 
shale mines to the north this seam has the following section : — 

Boof, shaly blaes. Feet. Inches. 

Shale, plain . . . . .44 

.. curly . . . . ! 2 

.. plain ••...28 



Pavement, blaes. 







The Dunnet Shale is succeeded by the Binny Sandstone Series, 
beds of which have been extensively quarried to the north of Hermand 
House, where a thick post of yellow and light grey sandstone forms the 
bottom of the quarry, as shown in the subjoined section. The ex- 
cavation IS now filled with water, but the total thickness of the various 
beds of sandstone which were worked could not have been less than 
90 feet. 
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Blaes, with ironstone bauds 

Blaes and bands . 

Flaggy sandstone and blaes partings 

Blaes and bands . 

Sandstone 

Green and marly blaes, with ribs . 

Sandstone, flaggy . 

Blaes 

Sandstone beds 

The outcrop of the Broxburn Shale is not seen in the Hartwood 
Water, but the seam has been wrought to a considerable extent in 
the vicinity of Chapelton, and a measured section in one of the mines 
gives the following sequence : — 

Shale, top . 
Blaes 
Fake 

Shale, good 
Rib, blue . 
Shale, bottom 
Pavement, fireclay. 

To the south-west of West Calder, as aheady indicated, the Brox- 
burn Shale comes to the surface upon the centre of an elongated anti- 
chnal fold, where it was recently opened out ; at first it was 
irregular and intermittent, but when followed to the dip it improved 
in quahty. The bore section, given below, is interesting when com- 
pared with the development at Broxburn. 

Shale, grey 

Blaes 

Sh(de (curly) 

Shaly blaes 

Shale 

Blaes and ribs 

Shale (Brox.) 

Blaes 

Shale 

Before this seam was correlated with that at Broxburn it was locally 
known as "Thorntons" Shale, or the " Under Shale " of Addiewell. 
The Fells Shale is the principal oil-producing seam in the West 
Calder district, and in the early mining days was known as the " Thick 
Shale of Addiewell." It varies from 2^-3^ feet in thickness, but at 
some places is as much as seven feet. To the north-east of the village 
it occupies a shallow basin about 200 feet deep, towards the centre of 
which there are several faults that have seriously interfered with 
mining operations. This part of the basin has been extensively bored, 
and the Shale usually consists of softer and harder bands, the lowest 
of which is separated by seven feet of blaes from its index — the yellow 
limestone on top of the Broxburn Marls. In the portion of the synchne 
which Ues to the south-east of Westwood this seam has been worked 
across an anticHnal ridge not sufficiently high to bring this Shale to the 
surface. This fold is coincident with a large " want," and is accom- 
panied by several small flexures. 

The Fells Shale outcrop to the south-east of West Calder towards 



Feet. 


Inches 


1 


9 


20 





1 


0- 


6 


10 


1 





1 


4 


3 


6 


11 





2 


3 



26 



The Geology of the Oil-Shale Fields. 



Hartwood is indefinite, as no information has been obtained by the 
Survey about the ground around West Muir. 

To the south-west of Burngrange, in the West Calder burn, thin 
laminated sandstones with blaes partings intervene between the 
Fells Shale and Houston Coal. A pit punk 25 yards to the west 
of this coal outcrop, alongside the public road, reached the Shale 
at 32 fathoms, and here the vertical distance between shale and coal 
is 150 feet. 

On both sides of the Breich Water the Houston Coal was at one time 
extensively wrought, as shown by the numerous pits and mines 
defining its outcrop between the Blackbrae and Mid-Breich Faults. In 
this district it is about six feet thick, with about one foot of stone in 
the centre. 

Beds of sandstone with fireclay and shaly partings and two thin 
coals, with a total thickness of 73 feet, separate the Houston Coal from 
the Grey Shale, " which is one foot eight inches thick and composed 
largely of entomostraca " (Cadell, Trans. Ed. Geol. Soc, vol. viii. 
p. 131). 

Young's " Section of Addiewell " shows that 204 feet of green, 
brown, dark and light marls with blaes and fireclay bands compose 
the Houston Marls and lie directly above the Grey Shale. They are 
exposed in the Breich Water above Breich Mill and are followed 
by the Two-foot Coal ; this seam in the stream below Breichdyke is 
seven inches thick and is overlaid by black blaes with several seams 
of good clay ironstone, followed by blaes, fakes, and fireclays with 
occasional beds of sandstone. From the Blackbrae Fault the outcrops 
of this seam and of the Houston Coal have a general trend towards 
N. 10° W. ; south of Wester Breich a small anticlinal fold marks the 
southerly termination of the Dechmont Arch, which is so important 
a feature in the fields to the north. The strata between the Two-foot 
Coal and theMungle Shale are here estimated to be 130 feet in thickness. 
The latter seam varies in thickness from twenty inches to two feet, and 
was worked by shallow pits on both sides of the Breich Water, where 
it appears to be about 20 fathoms below the Eaeburn Shale. 

The Raeburn Shale, the highest of the oil-bearing seams, was known 
in the Addiewell district first as the " Dam Shale " and subsequently 
as the " Upper Shale of Addiewell." The section of this seam at 
Addiewell is as follows : — 



Roof, blaes. 
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Shaly blaes 
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Blaes and fireclay . 
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Shale 
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At the present Addiewell Oil Works there is a dismantled shaft, 
12 fathoms deep, to this seam, and Uttle is known about its quality. 
The Raeburn Shale is about 75 fathoms below the Cobbinshaw Lime- 
stone at Addiewell Bridge, and the strata between these two horizons 
consist chiefly of blaes with ironstone ribs, several thin coals, and a 
few beds of sandstone, sometimes coarse and pebbly. Near the top of 
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the series is a freshwater limestone in several thin bands, capped by 
a hard cement with rootlets. 

The Blackbrae Fault is a very important one in the West Calder 
field. South-east of Addiewell Chemical Works it has been proved 
by mining to have a downthrow to the south of 60 fathoms, and 
can be traced east across the Hartwood field to the Murieston Fault 
near Torphin. A parallel dislocation down 30 fathoms to the north 
was proved in the shaft of No. 15 pit, situated 400 yards to the north- 
west of Baads. This pit was sunk 160 fathoms to the Broxburn Shale, 
and at this deptb a level cross-cut mine was driven to the Fells Shale. 
The Fells Shale has been extensively worked all over the field, down to 
a depth of 150 fathoms, while the Houston Coal and Eaeburn Shale 
were also opened out to some extent. At the present time the Cobbin- 
shaw Coal is also being worked by Young's Oil Company at West 
Mains, where the outcrop, running due north, has been traced along 
the east side of the farm steading, much further back than is shown 
on the published geological maps. 

MURIESTON WATER SECTION. 

In the Murieston Water, between Skivo and Torphin, there are 
good sections of strata exposed for a distance of nearly three miles. 
The sequence is obscured to some extent by reversals of dip and fault- 
ing, doubtless due to the proximity of the great Murieston Fault, 
which runs parallel with the stream all the way. Most, if not all, of 
the strata certainly lie between the Burdiehouse Limestone and the 
Corston Hill lavas, but their exact position is doubtful for some distance 
south of Broadshaws Bridge. 

The section is of value an account of the evidence afforded as to 
the lowest members of the Oil-Shale Group ; it is clear that true oil- 
shale conditions set in immediately after the close of the lava period, 
and that the type of sedimentation, from thence onwards, was strik- 
ingly different from that in the Cementstone Group below. 

The Murieston Fault crosses the stream above Skivo Bridge, where 
green and brown sandstones lying on top of the Burdiehouse Limestone 
are thrown against the Corston Hill volcanic rocks — a displacement 
of some 300 fathoms. Resting on the slaggy top of the lavas, at the 
bend below Skivo, is a thick bed of volcanic ash, with some sandstones 
interbedded ; overlying these is a mass of black blaes with several thin 
beds of platy entomostracan limestone, associated with a good deal 
of shaly blaes, and some thin ash ribs. A short distance higher up 
the stream similar strata are again visible, accompanied by fireclay 
and clay ironstone bands. These strata, in all some 150 feet thick, 
probably represent the Abbeyhill Shales of the Edinburgh district. 

To the south-west, a long ascending sequence of arenaceous strata 
is met with, broken by several small folds and faults, of unknown 
size, running in a general south-westerly direction. 

The sandstones are grey, often coarse, with partings of greenish 
sandy blaes containing strings of clay ironstone ; some darker bands 
of blaes are full of well preserved fern impressions, and there are a 
few bands of coaly fireclay. 

At the bridge below West Torphin a few inches of shaly blaes are 
seen, and a little further upstream, at Coalheugh Head, is a capital 
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exposure of an oil-shale from 12 to 15 feet thick, which was quarried 
for cover plates to the field drains of the district : trial mines have been 
driven in this seam, but it has a very steep inclination (40°) under 
the farm, and much of it is of inferior quality, while it seems to thin 
rapidly towards the south. This shale rests on greenish marly blaes 
with good fern impressions, and is interstratified both above and below 
with sandstone bands. Above the shale is some greenish sandy blaes 
followed by over 200 feet of grey felspathic sandstone. 

The true position of the Coalheugh Shale is doubtful. Hitherto 
it has been identified with the Duimet Shale, but in the Hermand and 
other fields to the north, that seam is invariably underlain by 60 feet 
or more of black blaes, and covered by marly blaes with thin brown 
ribs. If the Coalheugh Shale be regarded as the Broxburn, then the 
Broxburn Marls, which are so weU developed round West Calder, are 
very poorly represented, while it seems curious that there are no traces 
of pits to the Fells Shale or Houston Coal, which were so much sought 
after in past times. One is inclined to consider that the Shale lies 
below the Pumpherston position, and that it may represent the Dalma- 
hoy seam. Such an hypothesis obviates the awkward bend in the 
line of the Murieston Fault, which is otherwise necessary, and it is 
more in accordance with the character of the associated strata. 

Further upstream the ascending sequence continues, in a series of 
grey sandstones, sometimes massive and coarse, with partings of green 
sandy blaes as before. A curious bed of brecciated limy kingle is found at 
the top of the sandstones, just above West Torphin Bridge, and opposite 
the farm steading a band of platy entomostracan Kmestone crosses the 
stream. Resting on this bed there are 20 feet or more of dark blaes 
(? Pumpherston position) followed by sandstone with a conglomerate 
about 3 feet thick, the pebbles consisting chiefly of red and green felsite 
and chert. Beyond this point the section is discontinuous. A thin 
limestone has been quarried about ^ of a mile to the south of West 
Torphin, while a little higher up, at the parting of the waters east of 
Kiprig, the Burdiehouse Limestone has been mined, but no section 
is now visible at this point. 

3. Alderston, Bellsquarry and Newpark District, 
(Edinburgh, 5 S.W., S.E., and 11 N.W., N.E.) 

This district includes the area that lies between Livingston and 
Wester Murieston, the structure of which is rather obscure, chiefly 
owing to the thick covering of drift that conceals the faulted and 
plicated strata. A section line (Fig. 4) has been drawn from Limefield 
Mains quarry north-east to New Park, thence southwards to Wester 
Murieston. The various positions occupied by the Burdiehouse Lime- 
stone within this district are represented to illustrate the highly folded 
character of this area. The section in the railway at Blackmire has 
already been described (see p. 24), and as the Burdiehouse Limestone 
and its overlying beds, exposed in the Hartwood Water, are again 
repeated in the cutting, a fault with a displacement of at least 800 feet 
must intersect the ground between these two points. 

Between Blackmire and Newpark House a basin of the Burdie- 
house Limestone has been extensively quarried on both sides of the 
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public road which leads from the railway station to Bellsquarry 
On the west side of this fold the limestone is either at a high angle or 
m some cases is sUghtly inverted, while to the south-east of Bells- 
quarry it forms a sharp synchnal fold on the north limb of which 
the beds are quite vertical and even a httle inverted at Brucefield 
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quarry" (Cadell, Trans. Ed. Geol. Soc. 

Inst. Min. Eng., vol. xxii., p. 345). 

These quarries are now partly filled 

up, and this basin is separated by 

the Calder Fault from the other two 

depressions which lie on the south side 

of the railway. The section line (Fig. 

4) has been drawn across the largest 

of these folds as far as the Murieston 

Fault. Here the limestone was origin- 
ally worked open-cast, but it is now 

won by a shaft, 37 fathoms deep, near 

the centre of the basin. The stone, 

which is very pure, varies in thickness 

from 20 to 26 feet, and is used entirely 

for smelting purposes by Messrs. 

Baird & Co., Gartsherrie. Underneath 

the hmestone is a seam of fireclay, 

but the "Buckie fake," which Hes 

near the bottom of this fireclay at 

Camps quarry, has not been found in 

this working. This basin has nearly 

vertical sides, and the excavations 

show that its bottom consists of a 

succession of smaller undulations . The 

southern portion of this field is in- 
tersected by the Murieston Fault, and 

here the Burdiehouse Limestone is let 
down against the upper part of the 

volcanic rocks of Corston Hill, which 
is equal to a displacement of at least 
300 fathoms. A branch of this dis- 
location runs in a north and south 
direction on the west side of Dressel- 
rig, the downthrow being to the west. 

Pvmpherston Shales. — Young's Oil 
Company are now working the Jubilee 
Shale of the Pumpherston Series in a 
mine driven 600 yards south of Alder- 
stone, the shale cropping out in an 
anticlinal fold, of which the western 
limb has been proved by boring. North of Brotherton a bore started 
on the crop of the Burdiehouse Limestone, and proved the shales 
86 fathoms below. Further boring found the shale crop passing 
through Brotherton : to the north-west of Bell's quarry the strata 
are much disturbed, and are sharply folded, while there is at least 
one large fault, with a downthrow to the north. 

There is every probabiHty that the Shales exist under the small 
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troughs of tlie Biirdiehouse Limestone round Newpark, and they 
probably outcrop on the west side of a line drawn between Westfield 
and Wester Murieston. Sections visible 200 yards west of Westfield 
show shaly blaes and shale with greenish marly sandstones, the strata 
being greatly disturbed and dipping in contrary directions. A recent 
shallow bore, to the south-west of Wester Murieston, also proved 
several thick beds of inferior shale at the surface, inclined at a high 
angle. It is quite possible that a valuable field of Pumpherston Shales 
could be got hereabouts, and in addition the lower shale, lying under 
the Pumpherston Shell Bed, may also be present (see p. 35, etc.) 

4. Polbeth and Gavieside Shale-fleld. 

(Linlithgow, 9 S.E. and 12 N.E.) 

The Polbeth Shale-field is an easterly continuation of the Breich 
area. The strata lie in a deep basin, which is an extension of that 
found to the north of West Calder. The lowest beds exposed on the 
east side of this fold immediately underlie the Dunnet Shale, while in 




Fig. 5. — Section of Breich and Polbeth Shale-fields. 

the centre of the trough strata above the Raeburn Shale are reached. 
(See Fig. 5.) 

In the Hartwood Water, north of the Brotherton Fault, there is a 
good section of the beds beneath the Dunnet Shale, consisting of green 
sandy blaes with green and grey sandstones. The Shale is being 
mined by Young's Company, the workings extending to the bottom 
of the trough, where they are at a vertical depth of 250 fathoms 
from the surface, this being the deepest mine in the Scottish shale-fields. 

Since the bottom of these workings terminate against the Langside- 
Blackburn Fault, which is known to have a downthrow south of 200 
fathoms, they should be brought by this displacement against the 
Pumpherston Shales, which could be proved by a mine driven through 
the Fault. 

The Fault is again seen by the stream south of Langside, where 
there is an excellent section of the Under Dunnet Shale. In the 
floor of the seam there is an inch of volcanic ash (Barracks), and 
below are sandstones, the limy top of which represents the Barracks 
Limestone position. 

The Langside-Blackburn Fault, which marks the northern boundary 
of the field, has been proved in the Dunnet workings south and west of 
Langside ; the Two-foot Coal is seen nearly vertical, where this fault 
crosses the Breich Water, south of Grange. 



Gavieside Field— Breich Shale-field. 
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Gavieside Field. 

On the north side of the Langside-Blackhurn Fault between 
Gavieside and the river Almond, there is a broad basin containing 
the Dunnet Shales. This trough is a northerly continuation of that 
at Polbeth, and the Langside Fault has a displacement at this point 
of 200 fathoms. At the Gavieside mine the Main Dunnet varies from 
6 to 16 feet, but its general working thickness is 10 feet. A section 
here gives — 



Roof, Shale 

Top Shale, plain 
„ curly 
„ plain 

Bottom Shale 



Feet. 
6 
4 
2 
1 
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16 



At the north end of the Gavieside syncline, several outcrops of 
dolerite are seen in the river Almond between the weir and the ford 
west of Livingston, where the Lower Dunnet Shale is seen by the stream, 
with the Barracks Ash and Limestone (at least 1 ft.) below, while the 
Main Dunnet seam was proved several years ago by trial pits. 
To the east of this weir marly strata, together with conglomerate 
bands and Umy ribs of sandstone, are exposed along the north bank 
of the stream. _ North of Grange there is probably a fault, down 
north, and coming from the direction of Alderston, which separates 
this area from the Gavieside field to the south. 



5. Breioh Shale-fleld. 

{Mostly in Linlithgow, 9 S.E. ; the southern part in Linlithgow, 

12 N.E.) 

This field reaches from the Langside-Blackburn Fault southwards 
to Mid-Breich, where it is separated from the West Calder area by a 
fault running east and west, down south 10 to 20 fathoms. 

Until recently, the structure of the ground was obscure, as consider- 
able folding occurs. Extensive boring operations have been done by 
the Pumpherston Company, who are now opening up part of the field. 
Some boring has also been done quite lately by the Oakbank Company 
near Easter Breich. 

The main axis of the Dechmont Arch passes southwards through 
the field (see Fig. 5), and on the east side minor folds appear trending 
in a similar general direction. The core of the chief anticline, east of 
Blackburn House, is occupied by the Dunnet Sandstone Group, and 
as the fold pitches to the south, successive outcrops of the overlying 
shales appear. On the west side of the arch, south and south-east of 
Blackburn House, the strata are at first very steep, and trial pits and 
borings found the Dunnet Shale almost vertical. The inclination of 
the seams lessens towards the west, the Broxburn Shale lying at 60° 
and the Fells Shale at 40°, but it persists steadily, so that the Cobbin- 
shaw Limestone and Coal are reached within half a mile, at the east 
end of Blackburn village. Little is known of the strata above the 
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Fells Shale, although there are several old shafts to the Houston Coal, 
and near Hopefield Mills there was a day level to the Two-foot Coal. 

On the south-east side of the main anticline there is a trough 
containing the Broxburn and Dunnet Shales, to which pits have 
just been sunk by the Pumpherston Company. Borings hereabouts 
indicate that the strata rise gently towards the south up to an arch 
in the Fells Shale at Hermand Oil Works, where both Fells and Brox- 
burn Shales were worked out some time ago. 

Little is definitely known as to the structure of the east side of 
the field near Easter Breich ; probably there are two sharp folds 
trending south-west, and separated by faulting, and bringing up 
the Fells and Broxburn Shales to the surface (see Fig. 5). Beyond 
this troubled belt the strata dip steadily into the Polbeth Basin. 

There are few natural exposures in the Breich field, but diamond 
bores have afforded good sections of the strata between the Fells • 
and Dunnet Shales. The general development is much the same 
as in the Deans field, though the Fells Shale is much thicker ; this 
seam has been extensively wrought between Easter Breich and the 
southern boundary fault. 

The group of Dunnet Shales lie in some 20 fathoms of strata, 
mostly blaes ; in the middle is the Main Dunnet Shale, 12 to 14 feet 
thick, with one or two partings of limy cementstone an inch or so 
thick. 

The Upper and Lower Dunnet Shales are poor and irregular. 

The overlying Binny Sandstone Series, about 40 fathoms thick, 
has several beds of green marl in the upper part, the sandstones 
being poor ; lower down there is a good deal of grey marl, and there 
are bands of thin bedded limy sandstones with brown ribs just above 
the Dunnet seams. 

The Broxburn Shales are well developed, four seams, all close 
together, having been proved ; one of them was 4 feet 4 inches thick, 
but they vary considerably and appear to thin towards the north- 
east. 

The Broxburn Marls are about 30 fathoms thick, several lime- 
stone bands occurring as usual at the top of the series, under the 
Fells Shale. A section of the latter seam is appended below. 

Section of Fells Shale at Easter Breich. 

Roof, blaes. 

Shale, plain 

>, curly 

,, plain 

Ball ply . 

Shale, inferior 

Holing, blaes. 4 g 

6. Cousland and Seafleld Shale-flelds. 
{Linlithgow, 9 S.E.) 

These fields lie between the Deans and Breich areas ; they are 
bounded to the south by the Langside-Blackburn Fault, down south 
about 60 fathoms. 
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Gousland and Seafield Shale-fields. 3;; 

The area is bisected by the Middleton Hall Fault, which has a 
downthrow to the north of SO fathoms at Barracks, but increases 
rapidly towards the south-west, being some 150 fathoms at Seafield ; 
most of the mined area lies north of this fault. The current maps 
represent this fault inaccurately. 

The chief seams worked belong to the Dunnct Shales, and the 
general sequence is in agreement with that in the Deans field. The 
Broxburn suite of shales are considerably thicker, however, and they 
lie only 20 fathoms or so above the Main Dunaet Shale. 

West of Gousland there is a small trough with the Houston Coal in 
the centre, and the Fells, Broxbarn and Dunnet Shales on the east side. 
On the west side of this fold a reversal of the dip repeats the outcrop 
of the Houston Coal, w^hich is succeeded by the Two-foot Coal and 
the Raeburn Shale. These beds incline to the west, and pass under 
the Cobbinshaw Limestone to the north-east of Bla^kliurn village. 
At Seafield Oil Works there is a sharp anticline in the Fells Shale. 

In the north-we3t part of the field a small ope-r.-ig was made long 
ago in the Raeburn, or Dam Shale, south of Sta'law, a:'d there are 
several old pits to the Houston Coal. 

South of the Middleton Hall Fault much of the ground is obscure. 
As yet only 'the west side of this area iu definitely known ; here the 
Dunnet and Broxburn Shales are worked, dipping we it at 22°. Recent 
boring found the Fells Shale only 12 fathoms above the Broxburn. 
Otherwise the sequence agrees with Deans, the Dunnet Shales being 
fully developed ; one bore passed through the Barracks Limestone, 
6 1 feet thick, and then through nearly 42 fathoms of sandstone strata 
beneath (Dunnet Sandstone Group). 

East of Seafield there must be a broad anticline, for near Grange 
the Dunnet Shale is found dipping east into the Gavieside Trough. 
This anticline is really part of the long Dcchraont Ridge, and i;; 
well seen in the Breich field to the south. It can hardly be a simple 
arch, judging both by the sharp folding of shaly blaes seen in 
the river Almond, about ^ of a mile above its junction with the 
Breich Water, and by the abrupt folding north of Seafield Oil Works. 
Most of this ground between Seafield and the river is probably occu- 
pied by the Dunnet Sandstone Group, in continuation with that 
round Long Livingston. A valuable field of Pumpherston Shales 
probably exists here, at quite workable depths, to judge by the per- 
sistent westerly thinning of the strata under the Burdiehouse Lime- 
stone which is exhibited in the Livingston field ; owing to the steep 
dip at the junction of the Breich and Almond, they may even out- 
crop south of Gousland. 

A greatly decomposed igneous rock is seen in the Deans Burn 
south of Gousland, possibly belonging to a neck, but its field relations 
are very obscure. 

7. Livingston and Deans Shale-fields. 

{Linlithgow, 9 N.E., S.E. and 10 N.W., S.W.) 
These fields lie to the north and west of Livingston village. The 
recent geological revision has led to an important modification in 
the sequence of strata in the district : the Barracks Shale and Lime- 
stone, which hitherto have been identified with the Camps Shale and 
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Burdiehouse Limestone, are now proved to lie some 120 fathoms 
above the latter. In addition, some invaluable evidence as to the 
characteristics of the strata associated with the Pumpherston Shales 
has been given by borings put down by the Pumpherston Company 
in the Livingston field. 
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Fig. 6. — Section across Deans and Livingston Shale-fields. 

The two fields are separated by the Middleton Hall Fault, trending 
S.W., and having a downthrow to the north-west of 80 fathoms 
or more ; this fault runs approximately down the centre of a strong 
anticline (the Dechmont Arch), and on the west side of the disloca- 
tion, in the Deans field, the outcropping strata range from the Dunnet 
group of shales up to the Raeburn position. On the east side of 
the fault much lower strata appear, from the Pumpherston Shales 
up to the Dunnet, and these occupy the Livingston field. The 
existence of the Pumpherston Shales here is a new discovery made by 
the Pumpherston Company, who are now opening up the area. Ex- 
cellent sections of the strata in this district are seen in the stream 
flowing from Dechmont southwards to the river Almond at Living- 
ston, the beds dipping in a general south-easterly direction. 



Livingston Shale-field. 

Pumpherston Shales. — These Seams outcrop in a sharp anticline 
to the north-east of Livingston railway station, where they are visible 
in two small quarries. The Shales are badly weathered, and contain 
several ribs of limy cementstone. 

The series of borings which have recently proved the Pumpherston 
Shales in the Livingston field extend from Nether Dechmont south- 
wards and v\'est beyond East Long Livingston. The sequence found 
agrees remarkably well with that at Pumpherston, except that the 
Siiales lie much closer to the Burdiehouse Limestone, a rapid thinning 
cif the intervening strata taking place towards the west (120 fathoms 
ah Pumpherston, 80 fathoms at Newyearfield, 45 fathoms south of 
Tailend). 

Work has just begun in the new field by way of a mine driven south- 
wards from the Dunnet Shale pit at Barracks through the Middleton 
Hall Fault. 

A bore put down in the northern part of the area, at Nether Dech- 
mont, found the Shales destroyed by thin intrusions of dolerite. 

A further bore, put down north of Newyearfield, also found the 
Shales useless, their position being represented by strong dark blaes. 
This boring was continued 40 fathoms below the shale position, in an 
eadeavour to prove the " whin " which had presumably spoilt the shale. 
An examination of the cores gave results of unusual interest. Previ- 



Livingston Shale-field. 35 

ously no good index to the Pumpherston position was knowii which 
could be expected to have more than 'a purely local value, for the 
strata above these Shales up to the Burdiehouse Limestone are re- 
markably featureless in character, while little was known of the 
beds below. 

The Newyearfield bore showed that the Pumpherston Shales are 
underlain by ribs of volcanic ash, covering a soft pyritous blaes 
crammed with marine shells (Orthoceras, Goniatites, &c.). This shell 
bed probably extends all over the Lothians, and it has already been 
identified at Hopetoun and Queensferry, and in a modified form near 
Burntisland, and at Carlops, in Midlothian. With one exception 
(p. 93, footnote) no fossil bands of this nature are found in the 
overlying strata until the Mungle Shale is reached. 

Under the shell bed, dark blaes occurred with abundant remains 
of Tealliocaris, a shrimp-like form, but these striking little fossils are 
probably quite local. 

The bore also gave evidence that there is a new oil-shale position 
close under the shell bed, and this seam has also been proved to the 
south, in the Oakbank Company's bores near Dedridge quarry (See 
p. 39.) All the strata, from the Pumpherston position downwards, 
gave off a strong smell of petroleum when scraped with a knife, oil- 
shale positions being represented by strong dark blaes, with a deep 
brown streak. Curiously enough, no dolerite was met with at any 
point in the boring, nor were any of the plant remains carbonised. 
A reason for the destruction of the shales is suggested farther on. 
A condensed summary of the journal is appended (p. 88). 

BORE AT NEWYEARFIELD, NEAR LIVINGSTON. 

fms. ft. ins. 
Grey and white sandstone in beds, some coarse, and bands of 

grey marly blaes with some shaly blaes near the base . .7100 

Yellow sandstone rib (ashy) . . . . • .002 

Banded pale blue and grey Limestone with glassy fracture 

(Bttediehouse) .... ..094 

Grey fakes and marly blaes, and sandstone beds, some coarse . 46 
Blaes and shaly blaes . . . . • ' ^ " a 

Dark blaes with a few thin ribs of white marly sandstone . 12 3 

Grev limy cement rib . . . • ' i ji h 

Blaes with occasional plant fragments and thin ribs of limy cement 14 
Grey limy cement . . .,• • .000 

Strong, dark blaes, with dark streak, and partings of Ufehter blaes 

with ribs and balls of cement (Pumphbkston Shale Position) . 
Dark blaes with good fern impressions .... 
Blaes with thin ribs of brown sandstone .... 
Blaes with bands of .sandstone and hard white and grey marl with 

stripes of coarse volcanic ash . . . .'in 

Pyritous grey blaes with abundant remains of marine shells 

{Orthoceras, Ooniatites, small lamelhbranohs and entomos- 

traca) (PuMPnBKSTON Shell Bed) . . • • 

Blaes with ribs of brovra sandstone 
Strong dark blaes with abundant shrimp remams 
Strong dark blaes, with dark streak, and bands of Umy cement 



8 3 
3 

9 3 

9 



4 9 

2 

1 l; 

3 



(oil-shale position) . . . ■ ■ ■ ' lo ri n 

Dark blaes with fish remains and occasional small shrimps . 12 u v 

Hard kingle sandstone, limy . . . ■ • .08 

Burdiehouse Limestone.— Old worlrings in this limestone can be seen 
crossing the stream half a mile east of Livingston railway station. 
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and they extend northwards towards Dechmont in a chain of aban- 
doned quarries. The stone iS of the usual pale weathering blue-and- 
grey type, with a glassy fracture, but all over the district is banded 
and well laminated throughout, without the massive cherty beds 
also seen in the Mid-Calder region : it varies from 5 to 15 feet in 
thickness. 

A few inches of yellow ashy sandstone are commonly seen resting on 
the limestone, but the overlying Camps Shale is poorly represented by 
shaly blaes with partings of sandstone and thin limy ribs. A trial 
pit to this Shale was sunk many years ago to the west of Knightsridge, 
but was soon abandoned, owing, it is said, to the heavy flows of water 
met with. 

The succeeding strata, belonging to the Dunnet Sandstone Series, 
are probably not less than 120 fathoms thick. They are well exposed 
in the Livingston burn, a more or less continuous section being visible ; 
the strata consist mostly of soft brownish sandstone, with bands of 
fine conglomerate composed of quartz, red and greenfelsite and cement- 
stone pellets, up to half an inch in diameter. In the lower part of the 
series there are several beds of shaly blaes, while near the top is a 
band of limy kingle sandstone, with small oolitic grains. 

Barracks Limestone and Dunnet Shales. — Overlying the sandstones 
in the above stream section, the Barracks Limestone can be seen, at 
least two feet thick, about 230 yards above the main road into Living- 
ston. This bed, as in the Craigs diamond bore and in the disused 
Barracks quarry, is here a dark freshwater limestone not unlike the 
Burdiehouse, but with a rougher fracture ; ' suture structure ' along 
the bedding planes gives a pitted appearance to the stone. 

Above the road bridge there are traces of old trial shafts, perhaps 
sunk in search of the Houston Coal, the blaes being very dark here- 
abouts. The Dunnet Shales are not exposed, but they probably under- 
lie Livingston village as far as the river Almond. There is no reason 
to suspect the presence of the Houston Wood dolerite sill, which has 
destroyed such large areas of Dunnet Shale to the north-east. In fact, 
the lowest or Under Dunnet Shale seems already to have been proved, 
for it is practically certain that this is the shale found in a bore at 
Livingston Offices, a quarter of a mile north of the village. The 
section was — 

BOEE AT LIVINGSTON OFFICES. 

Feet. Inches. 
(Under Ditnnet) Shale .... 3 6 

Blaes ...... 3 

(Baeraoks) Limestone . ... 5 

Deans Shale-field. 

The Dunnet Shales form the mainstay of this well-known field • 
they curve round the southern end of the Dechmont anticline, on 
the west side of which they have been worked for many years. On 
the east^side of the arch, between Barracks and Tailend, these Seams 
lie in a small trough, cut off to the south-east by the Middleton Hall 
Fault (see Fig. 6.) This is the original locality where the Barracks 
Limestone was quarried in past times, together_^with its overlying 
oil-shale (Under Dunnet) ; the Main and Upper Dunnet Shales 
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have lately been discovered in this small infold, and are now being 
worked. 

Several diamond bores have been put down within the last few 
years by the Pumpherston Company, proving strata up to the Two-foot 
Coal position. 

Dunnet Shales. — The Barracks Limestone (formerly regarded by the 
Geological Survey as the Burdiehouse Limestone) lies at the base of this 
valuable group of shales. Fragments scattered about in the old quarry 
west of Barracks Farm show that it is a dark grey freshwater Hmestone 
of good quality, with a rough fracture ; bores in the vicinity show 
that it varies from 6 to 8 feet in thickness. The overlying shale 
{Under Dunnet ov Barracks) rests almost directly on the limestone; 
it is variable in quality, and is not wrought to any extent. Bores 
record 3 to G fathoms of fakey blaes and fireclay above this seam, 
succeeded by the Main Dunnet Shale, the latter from 10 to 14 feet 
thick, of excellent quality. A higher seam, known as the Vfper 
Dunnet, is partially mined, but varies considerably ; it is separated 
from the main shale by about 6 fathoms of blaes, and occasionally 
attains a thickness of 6 feet or more. 

Above the Dunnet Shales, the Binny Sandstone Series is repre- 
sented by some 35 fathoms of strata ; in the lower half of this group 
the Dunnet Marls, with ribs of brown kingle sandstone and limy cement, 
are well developed, but in the upper part, in the position of the Binny 
Sandstone proper, there seem to be no well-marked freestone beds, 
and the strata are faky and irregular. 

The Broxburn Shale group is not more than 5 fathoms thick. 
Several beds of shale and shaly blaes occur here, but only one seam 
is being worked at present. The overlying Broxburn Marls show 
great variation in this field. In one bore, close to Starlaw School, 
they were 21 fathoms thick, but in two bores, situated about 200 yards 
further south, this was reduced to 10 fathoms. In the middle of the 
marls is a bed of coarse conglomeratic sandstone, while several beds of 
limestone are recorded in the upper part, close under the Fells Shale. 
The latter seam is thin, and is not worked at present ; it i s separated from 
the overlying Houston Coal by 20 to 27 fathoms of fakes and sandstone. 
Several disused pits to this coal (which has a maximum thickness 
of 6 feet) have been sunk in the northern part of the field ; the Grey 
Shale, a few feet above, is very thin. The green and grey Houston 
Marls are about 26 fathoms thick ; the Two-foot Coal above has been 
proved in a diamond bore south of Starlaw School, but was only 
eighteen inches thick. 

8. Mid-Calder District. 

{Edinburgh, 5 N.E., S.E. and *6 N.W.) 

The area under description lies between the river Almond and 
Murieston Fault, and extends from Crofthead in the west to Raw- 
Camps quarries in the east— a distance of four miles. The ground is 
bisected by the Calder Fault, south of which the productive shale- 
measures do not extend, the elongated strip between the Calder and 
Murieston Faults being occupied by strata far below the Pumpherston 
Shales, and even by part of the Cementstone Group (Fig. 8.) 

* Geological map not publiahed, but supplied on apeoial order. 
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The structure of the shale-bearing area north of the Calder Fault is 
in continuation with the Pumpherston field further north. In the 
centre, west of Mid-Calder, there is a low antichne bringing up the 
Dunnet Sandstone Series, and on either side of this fold synchnes are 
found, containing many valuable shale seams (see Fig. 7.) 

The Mid-Calder Trough, lying on the east side of the arch, has 
long been known, and is now worked out. It contains all three of 
the Dunnet Shales, together with a full development of the Broxburn 
Shales. 

The westerly syncline, near Newfarm, is the deeper of the two. 
It had always been supposed to be shallow, with the Houston Wood 
dolerite, at the Dunnet position, in the centre. Within the last few 
years, however, boring operations by the Oakbank Company proved 
that the trough is a deep one, containing not only the Broxburn 
and Fells Shales, but in addition the Houston Coal and Talaris. The 
new field has now been opened up, electric haulage being used ; a 
pioneer feature is the introduction of an aerial ropeway, also with 
electric power, to convey the shale from the mines to the refinery, a 
mile and a half away. The Newfarm Basin is cut off to the south 
by a branch of the Calder Fault, throwing up the Pumpherston 
Shales approximately against the Broxburn — a displacement of 250 
fathoms. 

Burdiehouse Limestone and Pumpherston Shales. — Near Crofthead, 
in the western part of the area, there is an old abandoned working 
(the Dedridge quarry) in the Burdiehouse Limestone. Fragments of 
the limestone can be picked up which show that it is of the usual type, 
banded and grey in colour. Resting on the limestone is a thin rib of 
yellow sandstone, above which the Camps Shale, greatly weailiered, 
can be seen, about 3 feet 6 inches thick. 

A diamond bore at this quarry, by the Oakbank Company, proved 
the Pumpherston Shales 85 fathoms below, and a further boring to 
the south found another shale position 25 fathoms below. Between 
these two horizons is the position of the marine shell bed noticed in the 
Newyearfield boring, near Livingston (see p. 35.) 

In the Mid-Calder Basin, to the east, the following table gives the 
section of the strata proved by the mining operations of the Oakbank 
Oil Company at Mid-Calder and by a bore sunk by that Company, in 
1892, from the bottom of their pit shaft to the Burdiehouse Lime- 
stone. It will be seen that the latter horizon was reached at a depth 
of 564 feet below the New Shale. 

SECTION OP OAKBANK PIT AND BORE, MID-CALDER. 

Description 
of Strata. 

Broxburn Marls . 

Wee Shale 

Strata, blaes and lime ribs 

Big Siiale 

Strata 

Lower Bia Shate 

Strata, ahaly blaes 
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Description 
of Strata. 



Broxbtjkn or M'Lban" Shale 

Strata, chiefly blaes . " . 

Wild Shale 

Strata, blaes, Binny Sandstones and marJy beds 

UuNNET Sha'e .... 

Strata, marly blaes 

New Shale, bottom of shaft 

Strata, blaes .... 

Shale ..... 

Strata, blaes and shale, with ribs 

Under Dthstnet Shale, with fireclay rib 1 in. thick 

Strata, blaes and hard ribs 

Sandstone 

Very hard white whinstono or kingle 

Hard faky sandstone 

Barkacks Limestone, hard 

Sandstone, very hard, with hard blaes ribs 

Conglomerate, fine 

Sandstone, faky blaes and hard ribs 

BuRDiEHOusE Limestone 

Fakes and sandstone 
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This bore and pit section are situated near the centre of the basin, 
but the deepest part of the syncline lies further to the east, where the 
Burdiehouse Limestone is 1200 feet from the surface. 

In the river Almond, just above the railway viaduct, there is an 
excellent exposure of this limestone, where its thickness varies from 25 
to 30 feet. The bottom portion is rather coarse, with chert bands and 
a lumpy mammilated surface, while the upper beds are regularly 
banded grey limestones. From this point southwards to the Calder 
Fault its position is inferred from the proved outcrops of the Broxburn 
Shales. On the east side of the Mid-Calder Basin between East Calder 
and the Raw quarries, where the strata form an arch, it was at one time 
extensively wrought. At Raw quarries it occupies a syncUnal fold 
about 118 feet deep \vith a small fault intersecting its western limb (see 
Fig. 7.) The basin is also traversed by an east and west dislocation 
with a downthrow of 15 fathoms to the north, the effect of which 
is to widen the trough in the latter direction. The limestone 
was formerly worked opencast round this area and burned on the 
spot for building purposes in the surrounding district, but it is now 
mined and raised to the surface by means of a shaft 180 feet deep, 
and is used entirely for iron-smelting at Coatbridge. Eastwards at 
Raw Camps quarries another synclinal fold repeats the Burdiehouse 
Limestone, where it occupies a complete basin 120 feet deep and is 
intersected by the east and west fault already mentioned. The lime- 
stone is 42 feet thick, and rests upon its characteristic pavement — a 
band containing the small gasteropod,-PZa%ostomeHa scotohurdigalensis, 
locally known as the " Buckie fake." The stone was partly conveyed 
to the west foe iron-smelting purposes and partly burnt at the quarries 
for Hme. It is now entirely worked out all round its outcrop, while 
toward? the c^n^re of the basin, which was mined, only the stoops now 
remain and the quarries are filled with water. On the top of this mined 
area there is a thick bed of dark blaes with calmy ribs and ironstone 
balls covered with boulder clay. 
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Camps Shale. — The blaes overlying the Burdiehouse Limestone at 
the Raw and Raw Camps quarries contains " a seam of shale eight feet 
thick, yielding 22 gallons of oil " ( Oadell, Trans. Geol. Soc. Edin., 1901, 
p. U2 ; Trans. Inst. Min. Eng., 1901-2, p. 321). In the River Almond 
section the blaes occupying the same position contains a similar bed of 
oil-shale, which, in the Mid-Calder bore, is not represented. 

The overlying Dunnet Sandstone Series are well exposed in the 
river Almond above the railway viaduct at Mid-Calder, the upper 
half of the section containing a good deal of blaes with numerous 
bands of hard limy cement and sandstone, with ochreous weathering. 
In a streamlet flowing down from the village into the river thin ribs 
of limestone and blaes, with entomostraca, represent the Barracks 
Limestone, and are covered by several feet of yellowish green fels- 
pathic ash with ribs of limy kingle, belonging to the volcanic horizon 
also found in the Craigs diamond bore (see p. 47) and in the northern 
shale-iields. In this section the ash is succeeded by shaly blaes, 
doubtless representing the Under Dunnet seam. 

Dunnet Shales. — In the Mid-Calder Basin the Under and New 
Dunnet Shales were both worked, although of inferior quality 
to the main Dunnet seam. In the Newfarm Basin they are probably 
all burnt out by the Houston "Wood dolerite, although there is a 
possibility that they exist intact in the deepest part of the trough. 

Broxburn Shales. — In the Broxburn suite of shales at Mid-Calder 
the upper seams we:e of good quality and the Curly and Broxburn 
seams excellent. At Mid-Calder the oil-shales of this group are 
slightly thicker than the corresponding seams at Broxburn, but the 
proportion of intervening strata is in the ratio of about 2 to 1. Com- 
parative sections arc given below. 



BROXBURN SHALE GROUP. 



Mid-Calder. 
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The Shales and overlying marls can be seen m several fine chfi 
sections along the Linhouse and Murieston Waters opposite Calder 
Hill : in the former section there is a well marked band of dark plaiy 
entomostracan limestone in the middle of the marls. 
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In the Newfarm Basin the Broxburn Shales are thin]ier than ac 
Mid-Calder, but all the seams are present and are of good quality. 

Fells Shale and Houston Coal— These beds are only found in the 
Newfarm Trough. The Fells Shale is here of very fine quality, and 
is separated from the Houston Coal by about 35 fathoms of sandstone 
strata. In this field there are 27 fathoms of Broxburn Marls, mingled 
with a good deal of blaes with hard ribs. The Houston Coal is 6 oi 
7 feet thick, with the Grey Shale about 2 fathoms above. About 
25 fathoms of the succeeding Houston Marls have been proved in 
boring, consisting wholly of green marl, with a few brown marl 
bands. 

Strata below the Pumpherston position. — In the Linhouse Water a 
small fault shifts the outcrop of the M'Lean or Broxburn Shale to 
the west side of the stream, and at the waterfall below Hoghill there 
is a notable section showing the great Calder Fault. The displace- 
ment must be at least 250 fathoms, for on the south side of the fault 
all the strata lie some distance below the Pumpherston Shales ; 
nevertheless there is surprisingly little disturbance of the strata. 
Immediately on the south side of the fault, a small dolerite dyke 
crosses the stream. 

About 300 yards further upstream there is another dislocation 
with downthrow to the north. Between these two fractures the 
strata consist of blaes, pebbly and gritty sandstones, with bands of 
coaly blaes and ironstone ribs full of lamellibranchs. 

Southwards another fault ia visible both in the Murieston and 
Linhouse Waters, and is apparently a southerly branch of the Calder 
Fault. On its south side there is a thick bed of volcanic ash and 
agglomerate, exposed on the west bank of the Linhouse Water, 
dipping eastwards, and in all probability this represents tie ash 
lying in the Corston Hill lavas (see Fig. 8). 

Support is lent to this opinion by the fact that a diamond bore 
put down by the Oakbank Company, by the Murieston Water 
150 yards to the north-west, went through 44 fathoms of red and 
green limy marls, sandstones and conglomerates, similar to those seen 
below the lavas in the Linhouse Water north of Corston Hill, and 
belonging to the Cementstone Group. 

Overlying the ash in the Linhouse Water section, there are at least 
50 feet of shaly blaes with ribs of platy entomostracan Kmestone, 
and a few ashy bands interstratified near the base. These are taken 
to represent the Abbeyhill Shales, and agree with the strata resting 
on the ashy top of the lavas at Skivo (see p. 27 and Fig. 8). They 
are succeeded by a series of massive sandstones, with pebbly bands 
near the base, and in the centre some greenish sandy marls, a band 
of shaly blaes, and a dark limestone with plants, &c. At Oakbank 
Oil Works, at the railway bridge there is a " mussel " Kmestone 
crammed with crushed lamellibranchs, and immediately beyond the 
Murieston Fault throws up strata near the base of the Cementstone 
Group. To the east a gentle arch brings up a cornstone, seen in old 
quarries near Selms, and this is taken to belong to the Old Red Sand- 
stone, being separated from the Carboniferous strata by a massive sill 
of quartz dolerite (see Fig. 8). 

The strata just described are in many respects of interest to the 
geologist, but it is hardly necessary to say that south of the Calder 
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Fault, from Bankton eastwards to 
Currie, there is no hope whatever that 
any good oil-shale beds can be found. 






9. Pumpherston Shale-fleld. 

(Linlithgow, 6S.W., S.E. and 10 
N.W.,N.E.) 

This shale-field embraces the tri- 
angular area that lies between the river 
Almond and the Middleton Hall Fault 
westwards as far as the Houston Wood 
west of Pumpherston, together with a 
small tract at Mid-Calder. 
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Pumfherston District. 

A glance at the horizontal sections 
(Figs. 9, 10 and 11), which refer to this 
portion of the shale-field, clearly shows 
that in the centre of this area we find 
the well-marked arch of Pumpherston, 
which brings to the surface the lowest 
productive seams in the Oil - Shale 
Measures as yet worked in the Lothians. 
The surface of the ground in this dis- 
trict is very level, with few natural 
exposures ; but the structure of the 
field has been thoroughly proved be- 
tween Powflats and Pumpherston by 
the numerous mines, pits, and bores 
which have been driven, sunk, and 
drilled over this area. Between the 
Edinburgh and Bathgate railway, and 
a point to the north of Pumpherston 
farm, the anticlinal axis runs almost 
due north and south. About 700 
yards to the north of Pumpherston 
farm the beds begin to pitch to the 
south, and, in the shale workings, this 
inclination attains an angle of 25° to 
35°. Hence, the shale outcrops on 
each side of this fold rapidly .wheel 
round to the south and meet each other 
about 400 yards to the north of this 
farm. 

On the north side of the Pumpher- 
ston Oil Works the beds begin to pitch 
to the north about 500 yards from the 
Edinburgh and Bathgate railway. At 
this end of the arch the angle of pitch 
is low, and hence the east and west 
outcrops of the different seams, forming 



T 
1 









44 



The Geology of the Oil-Shale Fields. 



the Pumpherston Shale Group, open out as they bend round the 
northern portion of the fold. 

There is a trough on each side of the Pumpherston anticline. 
That on the west is for the most part broad and shallow, but deepens 
towards the north, where the Broxburn and Fells Shales are taken in 
near Stankards ; there is also a rapid increase in the depth of this fold 
towards the south, where strata up to the Houston Coal are found 
at Newfarm (see p. 42). The easterly trough between Drumshoreland 
and Mid-Calder is deep and narrow, the Broxburn and Duimet Shales 
being vertical to the east of Pumpherston Farm (see Fig. 10). 

The Houston Wood dolerite sill, about the position of the Dunnet 
Shale, spreads over most of the field west of Pumpherston, and must 
have destroyed an enormous amount of shale. 

Pumpherston Shales. — On the west side of the main anticline, 
the Pumpherston Shales lie about 130 fathoms below the Burdie- 
house Limestone, the intervening strata being thicker here than in 
any other part of the Lothian Shale-fields. A little further north, 
at the Roman Camp mines, the distance is about 110 fathoms. 

The seams comprising this group were at first worked opencast, 
and afterwards mined to a vertical depth of over 1000 feet from the 
surface. There are five workable seams, contained in 92 feet of 
strata, as below. 



Shale No. 1 or 
Jtibilee. 

Shale No. 2 or 
Maybkick Seam. 



No. 3 or 
Curly Shalk. 



SECTION OF PUMPHERSTON SHALES. 



No. 1 Mine — Pumpherston. 

( Hard calcareous band or limy rib, 
\ Shale .... 
iBlans .... 
/■ Curly, 2 ft. 5 ins. -i 
I Plain, „ 5 „ , 
iRib, „ 1 , f 
IPlain, 2 „ „ j 

Blaes, with balls and ribs of limy cementstone 

iS7ja/c,plain, 1 ft. 1 in. ^ 



[5 ft. 3 ins. 



i, 



No. 4 or 
Plain Shale. 



No. 5 Wee or 
Under Shale. 



curly, 1 
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^ Fakes . 
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These seams give a higher yield of ammonium sulphate than 
any other Scottish oil-shales. At the present time they are only 
worked at the north end of the anticline, at the Roman Camp mine 
of the Broxburn Oil Co., where the section is practically the same 
as at Pumpherston. 

The Maybrick seam has not been worked to any extent, but the 
others, especially the Jubilee and Curly Shales, are of excellent quality. 



Pumpherston Shale-field. 45 

Veins of fibrous gypsum, running both along and across the 
bedding, are a notable feature of the Jubilee seam, but are not found 
in the Curly ; the latter contains a bed two or three inches thick in 
which fish remains occur in abundance and in fine preservation. 

Underneath the Wee or Under Shale very good impressions of 
ferns are found, Sphenopteris afjinis being the commonest form. 

At the south end of the anticline all the seams deteriorate in a 
most remarkable manner. Both in bores and trial mines the shales 
were found to be quite useless, although in perfectly normal condition 
only 500 yards to the north-east. 

In 1906 the Pumpherston Company put down a diamond bore, 
starting below the outcrop of the shales, to a depth of 110 fathoms. 
The strata recorded were mostly sandstones and fakes, with hard 
limy bands. No shale was found, but the beds, from 50 fathoms 
downward, smelt strongly of petroleum ; as several bands of dolerite 
were pierced, containing cavities filled with mineral wax, it is prob- 
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FlQ. 10. — Section across the centre of the Puniplierston Shale-field. 

able that shale beds of some kind were passed through, which had 
been burnt out by the intrusive rock. 

The Pumpherston Shales have recently been found in excellent 
condition on the west side of the field, near Livingston (see p. 34.) 
There is no reason to doubt that they extend in full force between 
Livingston and Pumpherston, although in the deepest part of the 
trough, below the Houston Wood dolerite, they must lie at least 
250 fathoms below the surface. 

On the east side of the main anticline, the shales have been proved 
in deep bores by the Broxburn Company round Drumshoreland. 

Further borings by the same company near Illieston indicate 
that the seams have been destroyed by igneous intrusions, as may 
be seen at the outcrop along the River Almond to the east. They 
have not yet been proved under the Raw Camps limestone quarries, 
nor round Almondell or Clapperton Hall. There is a sharp anticlinal 
fold in the river at Almondell, which brings up to the surface some 
beds of shaly blaes with thin limestone ribs that are found all 
over the district about 40 fathoms above the Pumpherston position. 
Consequently, a bore here would prove the shales within 50 fathoms, 
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without ally trouble from the heavy 
surface deposits which cover the 
ground to the north, filHng in the 
pre-glacial river channel. The Al- 
mondell arch probably extends in a 
more or less modified form as far 
north as Illieston, perhaps even to 
Kilpunt, bringing the Shales near the 
surface along its course (see Fig. 10). 

The strata between the Pum- 
pherston Shales and the Burdiehouse 
Limestone have been proved in 
diamond bores on each side of the 
main anticline, both at Pumpherston 
and Drumshoreland. In the latter 
case the cores were examined by the 
Geological Survey a few years ago. 
As in the Livingston borings, the 
strata presented a monotonous suc- 
cession of sandstones, with hard limy 
bands, fakes and blaes, with scattered 
fern debris and occasional ehtomos- 
traca, while beds of fine conglomerate 
appeared in the upper portion. Not 
a single bed was noticed with any well 
marked peculiarity ; the most con- 
stant feature is perhaps the stratum 
of shaly blaes that occurs about 
two-thirds down from the limestone, 
while there was always a thick bed 
of blaes with hard cement ribs im- 
mediately above the Shales. 

Burdiehouse Limestone. — The Bur- 
diehouse Limestone has frequently 
been proved in bores in the Pumpher- 
ston field, but is not exposed in any 
surface section. It is very strongly 
developed on the east side of the 
main anticline. In a deep boring 
near Drumshoreland station, the 
limestone was 22 feet thick, cream 
coloured, andj with strings of chert 
near the base, as in the river at East 
Calder. The lower part was lumpy, 
the upper, grey and banded, and the 
stone had a glassy fracture through- 
out, and contained abundant ento- 
mostraca and plant debris. In 
another boring, near Clapperton Hall, 
the limestone was no less than 53 
feet thick, and maldng allowance 
for the dip, reported to be 23°, 
this would mean a true thickness of 
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48 feet at this point, which is more than in any other part of the 
Lothians. 

The stone is less massive on the west side of the Pumpherston 
arch, where it has an average thickness of 15 feet, and is apparently 
all of the grey banded type, as in the Craigs diamond bore and in the 
Livingston field. In two deep bores near Pumpherston, at Milkhouses 
and Houston Wood, it is recorded as " blaes and limestone." 

At the north end of the arch, near Ryal, the hmestone has been 
proved, and again to the south, and doubtless it outcrops completely 
round the fold. 

Resting immediately on the limestone, one or more thin ribs of 
yellow sandstone are commonly found, and above this 10 to 20 fathoms 
of blaes, all more or less shaly, but especially so at the top and bottom 
of the blaes. The lower seam is known as the Camps Shale. 

Camps Shale. — This Shale (hitherto erroneously identified with 
the Barracks Shale) is workable on the west side of the Pumpherston 
arch, where it is at present being wrought by the Pumpherston Com- 
pany at No. 4 mine. The seam is here 7 feet thick, with a fireclay 
pavement and shale roof, the quality varying from good to medium. 

On the east side of the anticline the seam deteriorates, and has 
usually been recorded in boros as " shaly blaes " (Kilpunt and Drum- 
shoreland). Round the soutli end of the arch it apparently disappears 
altogether, and its position is occupied by " blaes and ribs." 

Dunnet Sandstone Growp. — On the east side of the Pumpherston 
anticline about 70 fathoms of strata intervene between the Camps 
and the Under Dunnet Shales ; westwards, towards Knightsridge 
and Livingston, they thicken out to 120 fathoms. These strata 
are not exposed at the surface, although they are quite typically 
seen in neighbouring districts at Livingston and Mid-Calder. 

In No. 2 diamond bore by the Oakbank Company at Craigs, south- 
east of Pumpherston, this series consisted mainly of sandstone beds, 
with partings of grey marl and marly blaes ; in the middle were 
bands of fine conglomerate with limy sandstone and cements, one 
of which was full of minute worm-tubes. At the top of the group 
was a bed of dark entomostracan limestone (the Barracks Lime- 
stone) 5 feet thick, in many respects hke the Burdiehouse, but with 
a rough hackly fracture, as at Barracks and Livingstnu.* Above 
this was about 12 feet of conglomeratic sandstone, surmounted by 
3 fathoms of soft greenish felspathic ash, with chips of blaes and 
comminuted igneous mah'iial (Barracks Ash). Immediately above 
the ash was the thick bed of blaes, in which is the position of the thiec 
Dunnet Shales, here burnt out by tl'e great whinstone "float" of 
Houston Wood. Similar strata were noticed in the deep bore near 
Drumshoreland station, although here the Barracks Limestone had 
thinned down to a few inches only, as it does elsewhere on the east 
side of the Pumpherston arch, in the Mid-Calder field. 

Dunnet Shales. — The three seams of this group (LTnder, New and 
Main Dunnet) are fully developed on the east side of the Pumpherston 
anticline, where they are at present being worked in the Clapperton 
Hall Trough, by the Pumpherston Co., the Shales being vertical on 

* Going on, the bore proved the Burdiehouse Limestone, in quite typical 
development, 94 fathoms below, thus confirming the evidence for the separation 
of these limestones, which is provided in the Livingston stream section. 
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the west side of the syncline. The Under Dunnet (or No. 3 seam) 
has been proved northwards up to the Middleton Hall Fault, in a 
narrow extension of the Clapperton Hall and Mid-Calder Trough. 
To the west all the seams are probably destroyed by dolerite. 

Broxburn Shales. — In the south-east corner of the field an increase 
in the depression of the Clapperton Hall Trough has let down a small 
area of the Broxburn Shales, now being worked (Fig. 11). The 
Shales obtain their maximum development in the Lothians at this 
point, and in one boring no less than 60 feet of shale were found within 
a distance of 23 fathoms, the strata being gently inclined, and the 
intervening beds consisting of shaly blaes and blaes with hard limy 
ribi. In this section the M'Lean, or Broxburn Shale proper, reached 
the extraordinary thickness of 28 feet, although it should be men- 
tioned that subsequent mining proved this to be a " pocket." 

All the seams are of high quality, as they are in the southerly 
continuation of the trough at Oakbank and Mid-Calder. There is 
a remarkable development of marl round Clapperton Hall. The 
Binny and Dunnet Sandstone Groups', which are respectively 40 
and 45 fathom? thick, have, as a matter of fact, very little sandstone 
strata at all, being almost wholly composed of marl with hard ribs 
of limy cementstone at irregular intervals. In the centre of the 
basin, about 23 fathoms of Broxburn Marls have been proved in 
bores, the lower part being, as usual, greenish in colour. 

Another small but valuable basin of the Broxburn Shales is now 
being worked by the Broxburn Company on the north-west side 
of the Pumpherston arch, near Loaninghill. The shales are not so 
thick as at Clapperton Hall, but three seams have been proved, each 
5 to G feet thick, separated by blaes with limy ribs, the whole series 
occupying about 11 fathoms of strata. The Broxburn seam in par- 
ticular is of very fine quality. 

On the east side of the trough the shales dip down at 45°, and 
they are greatly contorted and overfolded, although still rich in oil. 
Bores show that there is a sill of dolerite in the Champfleurie or Lower 
Grey Shale position, 15 fathoms below the Broxburn. This " float " 
is well known in the Broxburn field, and should not be confounded 
with the great Houston Wood intrusion, which comes 70 fathoms or 
more, below, in the Dunnet position : the current one-inch map requires 
correction in this respect. There must be a fault between the out- 
crops of the Broxburn Shale and the Burdiehouse Limestone at this 
point, as they are only 400 yards apart, and normally there must 
be at least 180 fathoms of strata between these positions, to which 
the thickness, probably considerable, of the two whin sills must be 
added. 

At Loaninghill the Broxburn Marls are 23 fathoms thick ; at the 
top the Fells Shale has been proved, but it is too thin to work at 
the present time. 

10. Broxburn District. 

{Linlithgow, 6 S.W., S.E.) 

This area includes the Broxburn and Uphall fields, and is bounded 
to the south by the great Middleton Hall Fault, and to the north by 
the Ecclesmachan and Niddry Castle dislocations. 
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The Broxburn Shales are here of very fine quality, and are prac- 
tically worked out, mining being now carried on in the Dunnet Shale, 
of which large areas yet remain. 

In the centre of the district lies the deep Middleton Hall Trough, 
bringing down the highest beds of the Oil Shale Group. On the east 
side of the depression there is the well-known Broxburn anticline 
(see Fig. 12) in continuation with the Pumpherston arch ; to the 
west there is another anticline at Binny, with two shallow basins of 
the Houston Coal further south (Fig. 13). 

There is a good deal of dolerite present. A reconsideration of 




Fig. 12. — Section across the northern part of the Broxburn Shale-field. 

the abundant evidence afforded by bores and mining operations 
shows that there are three distinct sills, and not one only. These 
intrusions transgress but slightly from their respective horizons : 
the lowest underlies the Dunnet Shale, the next lies about the Brox- 
burn Shale position (Broxburn Sill), while the highest runs between 
the Fells Shale and the Houston Coal. 

The lowest strata yet proved in this region belong to the Dunnet 
Sandstone Group, and were recently pierced in the Wyndford diamond 
bore, put down on the east side of Binny quarries. The Burdiehouse 
Limestone was not recorded, though the bore went down 108 fathoms 



Fig. 13.— Section across the southern part of the Broxburn Shale-field. 

below the Dunnet Shale position (reached at 30 fathoms). Very few 
sandstone beds were found, most of the strata consisting of fakes and 
blaes, with occasional limy ribs. For the last 30 fathoms, the beds had 
a strong oily smell, and several thin " whinstone " ribs were met with, 
so that the Camps Shale is probably useless in this part of the district. 
Dunnet Shale.— A single seam of shale, from 8 to 10 feet thick, 
is found in the Dunnet position, and is now being worked to the north 
and east of Broxburn, by two long mines driven down from the Brox- 
burn Shale. Near Stewartfield a dolerite sill hes close under the 
Seam, this being an extension of the great Houston Wood intrusion 
of the Pumpherston field. To the west, beyond Uphall and Bmny, 
borings show that the Shale is valueless, being represented by strong 
dark blaes ; but there is no igneous rock hereabouts which could have 
caused this deterioration. 
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A fathom or so under the Dunnet Shale there is a thin bed of 
grey or cream-coloured " marly fakes," probably a fine volcanic 
tuff (Barracks Ash), which is a useful index to the shale position : 
a similar " mark " is found to the north, in the Philpstoun Shale-fields. 

No representatives of the New or Under Dunnet Shales are known 
in the Broxburn district, and the Barracks Limestone also appears 
to be wanting. In an old chisel bore at Stewartfield, several " lime- 
stones " are recorded close under the Dunnet position, but the 
Barracks Limestone is so thin at Drumshoreland that it seems more 
probable that these belong to the series of hard limy cements and 
sandstones that commonly lie on top of the Dunnet Sandstones in 
other fields. 

To the north and east of Broxburn, the Binny Sandstone Group 
is developed strongly, there being 50 to 60 fathoms of sandstone strata 
in this position — a considerably greater thickness than at Binny 
itself. Resting on the sandstone is the Lower Grey or Champflewie 
Shale, found in several thin bands with partings of blaes. At Binny 
quarries these shaly beds contain abundant entomostraca. The seam 
is not workable at any point, and is succeeded by 10 to 13 fathoms 
of marl, on which lie the Broxburn Shales. 

Broxburn Shales. — There are three valuable seams in this position, 
with other thin shales above, the whole occupying 7 to 12 fathoms 
of strata. An average section has already been given on p. 41, in 
comparison with the sequence at Oakbank. 

On the eastern Umb of the Broxburn anticline the Curly Seam 
has been wrought to a considerable depth, and near East Mains it 
is rendered useless by the intrusive dolerite sill, which lies a short 
distance above it. " At the mouth of the ' Albyn ' mine this in- 
trusive sheet is in two thin bands and in close proximity to the Shale. 
The lower one was found to be full of cavities coated with calcite, 
filled in the heart with mineral wax, yellowish-grey when fresh, and 
brown after exposure to the air. On analysing the hydrocarbon, 
Mr. Steuart, chemist, Broxburn, found it to consist of carbon (84:'35 
per cent.), hydrogen (12-83 per cent.), and nitrogen (r68 per cent.), 
with traces of sulphur in some specimens. The shale was worthless 
near this rock, and the hydrocarbon was clearly derived from its 
distillation, and was subsequently accumulated in the cavities of the 
igneous material" (Cadell, Trans. Min. Eng., 1901-2, p. 347). 

Identical phenomena recur in the lower sill found about the Dunnet 
position, and the mines show that we are dealing with two distinct floats. 

To the east of Broxburn, beyond East Mains, the Broxburn 
sill, referred to in detail above, Kes in the position of the Broxburn 
Shales, which are consequently useless ; but north of the village the 
intrusion rises a few fathoms into the overlying marls, and the shales 
are unaffected. 

Broxburn Marls. — These strata, comprising an unbroken series of 
grey and greenish marls, vary from 20 to 35 fathoms in thickness, 
and begin immediately above the top shale (Upper Grey) of the Brox- 
burn Series. The Fells Shale lies on top of them, but this seam, 
although constant, is too thin to be worked with profit at the present 
time. The Broxburn Park diamond bore, put down to the S.W. of 
the village, proved this seam, with the usual limestone band seven feet 
below, resting on the marls. 
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About 50 fathoms of strata, mostly sandstones and fakes, with 
beds of fireclay and blaes, separate the Fells Shale from the Houston 
Coal above, as proved by boring to the west of Uphall. To this 
thickness there must be added a dolerite sill, which is intruded into 
these strata, appearing in a series of rock knolls, running in a very 
regular manner between these seams as they curve round the Middleton 
Hall Trough from Broxburn to Uphall. This sill, in common with 
the other two below, maintains much the same stratigraphical position 
for long distances. It was proved in the Broxburn Park boring, 
previously referred to, and the bore went down to the lower " float " 
in the Broxburn Shale position, and so clearly demonstrated the 
independence of.these two intrusions. 

Houston Goal. — An average section of this seam in the Broxburn 
field is as follows : — 

Feet. Inches. 
Ooai ....... 2 3 

Blaes ...... 1 5 

(^oai ....... 1 4 

5 

The position of the seam is well defined by the line of the old crop 
pits, which can be traced from the Middleton Hall Fault to the east 
of Holmes, thence round the . north . and down the west side of the 
Fivestanks Basin to near Curledubs : traced in this direction, the 
underlying dolerite sill is foand to rise gradually, until to the north 
of Fivestanks it immediately underlies the coal, rendering the seam 
" blind " and worthless. Further to the south the gentle upward 
transgression of the sill continues, until at Uphall it overhes the coal. 

In the vicinity of Houston House, the coal lies in two shallow 
basins (see Fig. 13). The seam first obtained its name' from the 
workings in this neighbourhood, and although not the lowest worked 
coal in Scotland, it proved in the past sufficiently valuable to supply 
this district with fuel. 

Mr. Forsyth, in his account of the Houston Coal (" Mines, Minerals, 
and Geology of West Lothian," Trans. High, and Agric. Sac. Scot., 
1847) states that in the east basin there were two pits, 22 fathoms 
deep. The seam was divided by a band of stone, sixteen to eighteen 
inches thick, the upper portion being a household and the lower an 
excellent smithy coal. The total thickness was 5 J feet, and 300 yards 
from the bottom of the shaft the seam is " blind " — a change doubtless 
due to the intrusion of the dolerite. 

Houston Marls and Two-foot Coal. — These strata have been proved 
in two bores, one of which, situated 600 yards N.W. of Fivestanks, 
found the marls to be 35 fathoms thick, with a few partings of blaes. 
On the top of the marls was the Two-foot Coal, as follows : — 

Coarse shale and ironstone strains 
„ Blackband Ironstone . 
Shale (good) 
„ (fair) 
Shaly blaes . . . ■ 

Coal with strains of Blackband Ironstone 





Feet. Inches 


. 


5 







5 







8 







10 




1 










4 
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This composite seam was known at one time as the " Fivestanks 
Shale," and a trial mine was driven in it from which a bore was put 
down to the Houston Coal. 

Little is known of the overlying strata. A bore situated near 
Middleton Hall went down 764 fathoms to the Two-foot Coal, the 
strata consisting almost wholly of blaes with a few thin ribs of sand- 
stone and clayband ironstone. Two shales were found, apparently 
representing the Raeburn and Mungle seams. The latter lay 28 
fathoms above the Two-foot Coal, and consisted of 2 feet of inferior 
shale with an inch of coal below. The Raeburn lay 33 fathoms above, 
and was represented by 2 feet 11 inches of shaly blaes, the intervening 
strata being all blaes with clayband ironstone ribs, one of which was 
20 inches thick. 

In this district the Raeburn Shale was at one time worked open- 
cast to the south of Fivestanks, many years ago. 

The highest bed of economic interest in the Broxburn field is a 
blackband ironstone which occurs in the basin round Middleton 

Hall, a section of which is given below. 

Feet. Inches. 
Blackband Ironstone . . . . . .0 1^ 

Coed and blaes . . . . . . IJ 

B.B. Ironstone ..... 1 14 

Fireclay . . . . . .02 

1 ^ 

A trial pit proved its thickness to be eighteen and a half inches. 
Its position is 145 fathoms above the Houston Coal, and the topmost 
beds, which occupy the centre of this basin, cannot be very far below 
the Cobbinshaw Limestone. The estimated distance between the 
ironstone and Umestone is 25 fathoms. 

The Middleton Hall Fault must consequently have a displacement 
of something like 260 fathoms at this point. 

11. Winchburgh and Humble District. 

(Linlithgow, 6 N.E. ; a small part in QN.W.) 

This area is bounded on the north by the great Ochiltree Fault, on 
the west by the canal between Winchburgh and Craigton, and on the 
south by the Winchburgh Fault, running towards Kirkhston. 

No shale has ever been worked in this large district, for the Dunnet 
seam, underlying most of the field, is usually replaced by dark blaes, 
and the small workable areas of Broxburn and Fells Shales are partially 
destroyed by dolerite intrusions. Nevertheless, there is good reason 
to suppose that in the southern part of the district, a large tract of the 
Pumpherston Shales can be found at a moderate depth, although they 
do not actually reach the surface. 

A number of borings, mostly shallow, have been put down, and rock 
exposures are fairly numerous, although the strata dip in many 
different directions. With these data at hand, and aided especially 
by the nature of the foldings seen in the well proved fields to the 
south and north, we can outline the structure of the field with some 
confidence. 

Two important anticlines traverse the district from south to north. 
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The first is a continuation of the great Pmnplierston-Broxburn 
Arch, which finally runs out to sea at Hopetoun House : the axis of 
this arch runs from the east side of Winchburgh village past Dun- 
tarvie Castle to Woodend, bringing up strata about the position of 
the Dunnet Shale and 



Binny Sandstone (see 
Fig. 14.) The second 
anticline is a continuation 
of the Kirkliston arch, 
and runs northwards 
through Humbie, bring- 
ing up the Burdiehouse 
Limestone west of New 
Mains ; both of these 
folds pitch to the north. 
The intervening trough, 
in Une with the Broxburn- 
Duddingston syncline, 
runs through Niddry 
Mains on past Totty- 
wells and Westfield, where 
it brings down a small 
basin of the Broxburn 
and Fells Shales, and 
Houston Coal. Another 
syncUne lies to the east 
of the Humbie arch, 
while there is apparently 
a subsidiary trough north 
of Eoss's Plantation, al- 
though this is largely 
a matter of conjecture 
(see Fig. 14). 

Apart from the curi- 
ous degeneration of the 
Dunnet Shale over the 
west and central parts of 
the district, the sedimen- 
tation is remarkable for 
the great development of 
marl and blaes in the 
Dunnet Sandstone 
Group, features which 
are equally evident in 
the Ecclesmachan field. 
The Binny Sandstone 
Group is in strong force, 
the upper part containing 
freestones of fine quality. 
There are two large 
" whinstone floats," one 
below the Dunnet Shale 
position, and forming the 
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core of the Winchburgh anticline, the other lying oyer the Binny 
Sandstone at Humbie. A minor intrusion is found in the Camps 
Shale west of KirkUston, but is probably of no great lateral 
extent. 

North-west of Winchburgh there is a notable section in the deep 
railway cutting, 2 miles in length, which terminates at Philpstoun 
Station. It is almost entirely in solid rock, and when first completed 
in 1842 very few retaining walls were built. 

Since then atmospheric denudation, and the vibration produced 
by the numerous trains which pass daily through this excavation, 
have caused frequent falls from the rock faces. About four years 
ago the greater portion of this most interesting section was covered 
with masonry. The map used by Sir A. Geikie during the original 
survey records the section as it existed in 1855. 

Burdiehouse Limestone. — Traces of old limestone quarries can be 
seen on each side of the public road 300 yards west of New Mains, 
and again by the Niddry Burn, 500 yards east of Charles' Bridge, on 
the east side of Ross's Plantation. Fragments of dark banded lime- 
stone of Burdiehouse type are found in abundance in the fields on 
the site of the old workings. 

In the Niddry Burn a thin "whinstone float" lies on shaly blaes, 
which in turn rests on limestone. North of the main road this intrusion 
dies out, and bores by the Oakbank Company proved that the lime- 
stone was 5 feet thick. The hmestone crops out round a small arch, 
probably cut of! to the south by the Winchburgh Fault. 

There is little reason to doubt that this limestone is in the Burdie- 
house position, and allowing for the northerly thinning of the strata 
below, when traced from Pumpherston, it seems probable that the 
Pumpherston Shale position lies within 60 or 70 fathoms of the lime- 
stone at this spot (see Fig. 14). 

A bore by the Broxburn Company, put down 200 yards N.W. of 
Ross's Plantation, found limestone at the surface, and went down 
37 fathoms into blaes with marly beds, so that another small arch 
may exist west of the Plantation, before the limestone dips down to- 
wards Niddry (see Fig. 14). If this is the case there would he over 
a square mile of Pumpherston Shales in this vicinity, within 100 
fathoms of the surface. 

" When the [Winchburgh] tunnel was originally made, a thick 
bed of hmestone was cut below thick blaes dipping westward at the 
south end of the opening. The hmestone rested on sandstone beds, 
and had a crystalhsed burnt appearance, probably due to the proximity 
of the trap of Winchburgh Hill." * 

In the summer of 1890, the arched roof of the tunnel, which is 
1100 feet in length, gave way, and Mr. H. M. Cadell had an oppor- 
tunity, while the building was being repaired, of examining the over- 
lying rock. No oil-shale or hmestone could be seen, but near the 
southern end there was some grey freestone under beds of blaes dipping 
north-westward at 10° to 20° in some places, and flat in others. At 
the northern end a good deal of white trap was visible and white shaly 
and marly beds, apparently altered by the intrusive rock. These strata 
were probably mistaken by Forsyth for hmestone, as boring and other 

* " Mines, Mnerals, and Geology of West Lothian," by Mr. CSiarles Forsyth, 
Transactions of th" Highland and Agricultural Society of Scotland, 1847, p. 259. 
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evidence in the vicinity suggests that the Birrdiehouse position lies 
100 fathoms or more below the tunnel. 

Dunnet Shale. — The exact distance from the Burdiehouse Lime- 
stone up to the Dunnet Shale is not known in this district. In one 
boring, S.E. of Humbie, it was 25 fathoms, but probably a fault was 
passed through, and the full distance may be about 50 fathoms, increas- 
ing to over 100 fathoms at Winchburgh. 

The Dunnet Shale round Humbie is represented in several borings 
by thick beds of shaly blaes ; and further west the seam disappears 
altogether. A deep diamond bore by the Oakbank Company at Swine- 
burn found the Shale burnt out by an extension of the Winchburgh 
dolerite sill, the position being represented by 8 fathoms of dark blaes, 
with the " whin " below : near the contact with the igneous rock beds of 
marly blaes showed a remarkable development of small white spheroids. 

A similar resvdt attended a boring in 1888 at Beattlie quarry, half a 
mile N.E. of Winchburgh. 

It is probable that the grey blaes in the brick pit west of Winch- 
burgh Station lies about the Dunnet position, and also the papery 
blaes with hard cement ribs seen in the Oakbank Company's tramway 
cutting east of Duntarvie Castle. 

Borings suggest that the Winchburgh dolerite " float " lies at 
the surface almost as far as Duntarvie Castle, along the crest of the 
Winchburgh anticline, without any change of horizon ; there is 
therefore no hope that the Dunnet Shale is workable anywhere in 
the western part of the district. The sill dies out eastwards towards 
Humbie. 

Binny Sandstone Group. — These strata are 55 fathoms thick in the 
Swineburn diamond bore, and mostly consist of sandstone, but west- 
wards, thick beds of blaes, with some marl, are found in the lower 
position. At the. top are excellent beds of freestone, seen in the well- 
known Humbie quarry, now long disused, and in other abandoned 
quarries at Craigend, west of Swineburn, and at Glendevon. In the 
railway cutting at Priestinch, 56 feet of massive sandstone, with blaes 
partings, are seen in this position. The old freestone quarry by the 
roadside 400 yards north of Duntarvie Castle is apparently on this 
horizon also, for a bore here in 1885, "after passing through 16 fathoms 
of sandstone, went through 13 feet of " black sandstone." Black sand- 
stone was noted in the old Survey field map below the main post of 
Binny Sandstone in the railway cutting at the loop-Une junction, and 
Forsyth makes special reference to this exposure as being a remarkable 
feature of the district. 

The Champfleurie, or Lower Grey Shale of Broxburn, rests on the 
Binny Sandstone, and was represented in the Swineburn diamond 
bore by 5 J fathoms of blaes, with bands of shaly blaes, and dark limy 
ribs with entomostraca, as at Binny. In this boring it was separated 
from the Broxburn Shale by nearly 17 fathoms of grey sandstone, 
with curious manmaillated cement concretions, an inch or more across. 
In the railway cutting east of Auldcathie bridge, the sandstone is 
replaced by grey marls with thin Umy ribs. 

Broxburn Shale.— In the railway cutting 80 yards E. of Auldcathie 
bridge, the Broxburn Shales are represented by 9 to 12 feet of black 
bituminous blaes, with shaly layers. ■ Borings suggest that the sudden 
attenuation of this important shale group continues northward past 
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Duntarvie up to the Wiiichburgh anticline . "West of the arch, however, 
the Shales resume their normal character, in the syncline between 
Tottywells and Westfield. The Swineburn diamond bore, which 
began just above this group, found a typical succession of three seams, 
"grey" "curly" and "plain." 

On the east side of this small trough the Shales are afiected by the 
Dundas Castle sill, which has apparently also spoilt them on the east 
side of the Humbie arch. This sill lies below the Binny Sandstone at 
Craigend quarries, but rises gradually towards the west, until at 
Humbie quarry it rests on the sandstone. Further west it probably 
dies out, as no trace of dolerite was met with in the Swineburn boring 
until below the Dunnet Shale position. 

Broxburn Marls. — The railway bridge at Auldcathie, already 
mentioned, stands on the Broxburn Marls, east of which point the 
" Upper Grey " Shale of Broxburn is succeeded by greenish marls, and 
on the west side the marls contain thick ribs of limy cement. These 
strata extend for about 100 yards along the cutting, when they are cut 
off by a fault with a low hade, down west, bringing the marls against a 
series of grey blaes with ironstone bands. This fault, or else another 
beyond where the cutting is walled up, must have a considerable throw, 
as the Houston Marls crop out within a short distance. The Fells 
Shale is not visible, and its thickness does not seem to be known in the 
Tottywells Basin. 

Houston Coal. — There were several crop pits to this seam near 
Craigton, and Forsyth mentions that on " the south side of the canal 
it was wrought by a shaft 16 fathoms deep." This pit is interesting, as 
marking the furthest point to the north-east where this coal has been 
wrought in the Lothians. To the east of Craigton House, on the 
south side of the Ochiltree Fault, its position has been proved in numer- 
ous bores, one of which, near Duntarvie, found 3 feet 9 inches of coal 
with three fireclay partings a few inches thick, underlaid by 2 feet 5 
inches of fakes with a 3-inch ironstone rib, and 11 inches of coal 
below. 

Between Tottywells and Westfield the outcrop of this coal is 
said to have been got. Fragments of coal have also been picked 
up there on the surface, which affords additional evidence of the 
extension of the basin already mentioned as containing the Broxburn 
Shale. 

The overlying Houston Marls are exposed in the railway cutting 
below Craigton House, and are the northern extension of the outcrop 
already mentioned as occurring in the Little Ochiltree Basin. At 
this point they are composed of green and red marls with ironstone 
bands. 

12. Boolesmaohan District. 

{Linlithgow, 6 N.W., S.W.) 

This area is bounded on the south by the somewhat ill-defined 
line of faulting found to the south of Ecclesmachan and Winchburgh, 
and on the north by the Ochiltree Fault, which dies out in the western 
part of the field. A small portion is included on the south side of 
the Ecclesmachan Fault, round East Broadlaw. 

Both the Houston Coal and the Broxburn Shale have been wrought ; 
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in the western part of the field large areas of the Broxburn Shale 
have been destroyed by the Binny Craig dolerite sill. 

The strata are arranged in a somewhat complex system of folds, 
most of which are essentially prolongations 
of others found further south, in the 
Broxburn field. Thus, to the east, at 
Niddry Rows, a sharp arch in the Brox- 
burn Shale marks a northerly extension of 
the Broxburn anticline. West of Hope- 
toun Oil Works there is another arch in 
this shale which is also developed in the 
Broxburn field (see Fig. 15). Eound Hill- 
end, two shallow basins of the Houston Coal 
indicate the northerly limit of the great 
Middleton Hall Trough, followed to the west 
by an arch in the Broxburn Shale, in line 
with the Binny anticline. East of Eccles- 
machan, the most extensive fold in the 
field — the Oatridge and Little Ochiltree 
basin — can again be traced through the 
Broxburn field down to Houston. 

On the west side of the district, round 
Hangingside, another sharp anticline brings 
up the Broxburn Shale, and is a part of 
the long anticlinal ridge which extends from 
Wester Breich, through Dechmont on to 
Philpstoun. This fold has an important 
bearing on the interpretation of the obscure 
ground round Bast Broadlaw. 

There is a well-known volcanic neck at 
Tar Hill, on the north side of Eccles- 
machan, which has already been described 
on p. 13. 

Burdiehouse Limestone. — ^Between East 
Broadlaw and Binny Craig there are traces 
of old limestone quarries now filled up. 
Scattered fragments of dark limestone con- 
taining entomostraca, fish and plant re- 
mains, were here picked up by Sir A. 
Geikie during his survey. These quarries 
probably mark the position of the bed of 
limestone, "200 yards south from Binny 
Craig, which has been wrought at Broadlaw, 
11 feet thick, and of a blackish colour, and 
dipping eastwards" ("Mines, Minerals, and 
Geology of West Lothian," by Mr. Charles 
Forsyth, Trans. High, and Agric. Soc, 
Scot., 1847, p. 257). . . 

What is this limestone ? Beds of simi- 
lar character are known in this district, 
below the Fells Shale, in the Broxburn 
Marls, and again close under the Dunnet 
Shale (Barracks Limestone), but they have 
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all been bored through in the immediate neighbourhood (Oatridge, 
and the Wyndford and Forkneuk bores) and none of them was more 
than a foot or so thick. 

It seems very probable that the Broadlaw Limestone is in the 
Burdiehouse position. Both in the Philpstoun field to the north 
and round Dechmont to the south, the Burdiehouse Limestone is 
of a dark banded type, and is from 10 to 12 feet thick. Again, the 
Ecclesmachan Fault is known to have a downthrow north of 100 
fathoms at East Binny, so that if it continues its easterly course 
along the south side of the Binny Craig dolerite sill, which is known 
to be in the Broxburn Shale position, the strata between the Craig 
and East Broadlaw must lie just about the Burdiehouse position. 
On that hypothesis the fault turns south-west, after passing the 
Craig, running through West Binny, for the Houston Coal is reported 
to have been worked at West Broadlaw. 

The strong anticline found round Hangingside extends south- 
wards, and can be seen in the Binny Burn just below the reservoir. 
The whole evidence suggests that the Broadlaw Limestone is the 
Burdiehouse, and that it appears on the crest of an anticlinal fold 
(see Fig. 12). 

The Camps Shale is probably valueless hereabouts owing to 
whin intrusions, but the Pumpherston Shales below may well be in 
good condition ; they shoald be within 60 fathoms of the limestone 
in this region. 

The absence of any representative of the Dunnet Shale in the 
well bored ground between East Broadlaw and the small basin of 
the Broxburn Shale mapped on the west side of Binny quarries, is 
accounted for by the " want " in this seam all over the district. 

Dunnet Shale. — There is little reason to suppose that the Dunnet 
Shale will ever be found in workable condition in the Ecclesmachan 
field, except perhaps under Hopetoun Oil Works, where it lies 80 
fathoms below the Broxburn Shale. There is no hope that this seam 
is of any value in the western part of the district. Borings in the 
neighbouring part of the Broxburn field at Wyndford and Forkneuk, 
and in the Philpstoun field at Bridgend, have all been unsuccessful. 
The degeneration is apparently not due to any igneous intrusion, 
but arises from non-deposition of oil-bearing sediments when the 
strata were originally laid down. 

The Binny Sandstone Group is well developed, about 50 fathoms of 
sandy strata being proved in borings at Hopetoun and Glendevon, 
in the latter case there being some fathoms of dolerite in the lower 
part of the series. 

The Champfleurie (or Lower Grey) Shale, which rests on the Binny 
Sandstone, is not workable in this field ; it is separated from the 
Broxburn Shale above by 15 to 18 fathoms of blaes, sandstone and 
marl beds. 

Broxburn Shale. — This seam has been extensively worked, and 
most of the available shale has been taken out. At Glendevon mine. 
Young's Oil Company are now working the Upper Grey seam. 

On the west side of the Little Ochiltree trough, Messrs. James 
Ross & Co. mined the Broxburn Shale from its outcrop to a vertical 
depth of 150 fathoms from the surface; the average section was 
7 feet 10 inches of shale, parted by two half -inch cement ribs, the roof 
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being of blaes. The seam has also been wrought by a mine two-thirds 
of a mile to the south of Glendevon, which was driven down 45 fathoms 
from the surface. At Hopetoun Oil Works, on the north side of the 
Niddry Fault, No. 2 Pit, 70 fathoms deep, has proved the steep syn- 
cline on the north-west side of the Broxburn anticUne. 

On the west side of the field, round the Hangingside anticline, 
the Shale has been largely destroyed by the Binny Craig dolerite, 
which is possibly an extension of the sill associated with this position 
in the Broxburn field. Two bores, one to the south of Little Ochil- 
tree, the other one-third of a mile north of Oatridge, found that the 
sill had totally destroyed the shale, and in the igneous rock there 
were cavities filled with a soft yellow wax, as is commonly found in 
similar cases elsewhere (see p. 50). 

The Fells Shale, which lies about 32 fathoms above the Broxburn 
seam, round Little Ochiltree, has often been proved in bores, but 
is not yet worked. 

Houston Coal. — This coal lies from 40 to 50 fathoms above the 
Fells Shale ; the intervening strata, mainly faky sandstones with 
plant remains, are visible in the Mains Burn, to the north-west of 
Ecclesmachan. The coal has been worked to a considerable extent 
in past times chiefly in the two Hillend Basins, and much information 
relative to these workings is given in Mr. Forsyth's report, cited 
above. 

On the west side of the Little Ochiltree Basins, the Linlithgow 
Oil Company drove two mines into the coal and used it for the fur- 
naces and retorts. 

On the east side of the basin numerous old crop pits indicate the 
position of the seam : the following section occurs at Drumforth : — 

Goal ...... 

Dirt ...... 

Coal ...... 

In the little basin north of Hillend a 4-inch rib of cannel was found 
in the coal, but the roof of the seam is generally weak, and the coal 
itself so full of pyrites, and stone and fireclay ribs, as to be an un- 
profitable subject, except during times of scarcity and high 
prices. 

At Glendevon a roll-over of the strata brings down a narrow strip 
of Houston Coal, which is thrown against the Broxburn Shale by 
the Winchbui-gh Fault. This dislocation begins near Waterstone 
and increases rapidly towards the east, the southerly downthrow, 
where it crosses the canal at Winchburgh, being at least 160 fathoms. 

Houston Marls.— The Houston Marls appear to occupy the whole 
of the Oatridge Basin, and can be traced onwards beyond Three Mile- 
town into the railway cutting at Craigton. In the burn, half a mile 
north-west of Ecclesmachan, these strata are exposed in a fine section 
of green and red marls with bands of pale green micaceous sandstone. 

Two-foot Coal— In this district the Two-foot Coal is associated 
with a volcanic series, consisting of both lavaform and fragmental 
rocks. A good example of the latter is the purplish sandy and fels- 
pathic ash, exposed in the old quarry to the north-east of Little Ochil- 
tree, which has a rudely confused dip and contains abundant fragments 
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of black shale (Fig. 16). This ash bed can be traced for several miles 
on the west side of the Lothian Shale-field, and marks an early stage 
in the great volcanic eruptions which took place in the Bathgate 
and Linhthgow districts towards the close of the Oil-Shale period. 

13. Champfleurie and Philpstoun Shale-flelds. 

(Linlithgow, 2 S.W., 5 N.E. and 6 N.W.) 

These shale-fields lie to the north-west of the Ochiltree Fault ; 
an arbitrary line drawn from Craigton to the mouth of the Midhope 
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Fig. 16.— Section of the Champfleurie Shale-field, south of Bridgend. 

Burn marks their eastern boundary, while to the west the strata 
pass underneath the Carboniferous Limestone Series. 

This area has been extensively developed by the mining opera- 
tions which were carried on in the Champfleurie district by the late 
Linlithgow Oil Company, and especially by those at present vigorously 
prosecuted in the Philpstoun area by Messrs. James Eoss & Co. 
Several important additions have recently been made to our 
knowledge from the mines and borings of the last named firm. 

The strata in general dip N.W., but this arrangement is modified 
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Fig. 17. — Section from Pardovan past Philpstoun Oil Works, across 
the Gateside Arch. 



by a prolongation of the Dechmont Arch, which passes through 
Gateside on to Philpstoun Oil Works, north of which it finally dies 
out. Small subsidiary troughs are found on each side of this fold, 
one to the south-east of Philpstoun, the other at Wester Ochiltree. 

In the core of the Gateside anticline, south of Linlithgow Oil Works, 
the Dunnet Shale reaches the surface (see Fig. 16). Much lower 
strata outcrop north of Craigton, where the western Umb of the 
Pumpherston-Hopetoun Arch is touched, bringing up the Burdiehouse 
Limestone and Pumpherston Shales (Fig. 14). 

An east and west fault, down north 50 fathoms, passes through 
Bridgend, while north of Philpstoun House another large fault, 
down S.E., has been proved both by mining and surface evidence. 
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Recent boring shows that there is a further dislocation, down south 
50 fathoms, to the west of Midhope (see Fig. 18). 

The existing maps stand in much need of correction as regards 
the ground between Philpstoun and the mouth of the Midhope Burn. 
It is clear from recent mining evidence that the N.W. fault shown 
there does not exist, and the identification and mapping of the Dunnet 
and Broxburn Shales is largely erroneous. 

Many abnormal phases of sedimentation are found in these fields. 
South of Bridgend the Dunnet Shale is useless, while the position 
lies less than 10 fathoms below the Champfleurie Shale (Lower Grey of 
Broxburn), the Binny Sandstone having practically disappeared. 
(PL II and Fig. 17.) Great fluctuation is shown in the Dunnet 
Sandstone Group, which is much thinner than in the Broxburn and 
Deans fields ; equal variation is apparent in the strata between the 
Champfleurie and Broxburn Shales (see PL II), while there is a 
persistent northerly thinning of the strata in general towards 
Midhope, without, however, affecting the thickness or quahty of 
the shales. 

At Philpstoun a breccia (the Port Edgar Ash) appears some way 
below the Dunnet Shale; as will be shown, this bed differs in 
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Fig. 18. — Section across the Philpstoun Shale-field. 

character from the Barracks Ash, and occurs lower down in the 
Dunnet Sandstone Group ; it extends all over the northern shale- 
fields to Dalmeny, and is a valuable stratigraphical horizon. 

The proving of a volcanic neck at Philpstoun, during the coiu'se 
of mining operations, presented features of exceptional interest, 
previously referred to on p. 14 (Fig. 18). 

Burdiehouse Limestone and Pumpherston Shales. — The Burdiehouse 
Limestone was at one time wrought opencast north of Hopetoun Wood, 
and within the last few years has been proved, from 7 to 15 feet thick, 
in four deep diamond bores by James Ross and Co. Permission 
was given to examine two of these borings, one east of Whitequarries, 
the other south of Philpstoun Oil Works ; the Umestone was of a dark 
banded type, with the usual glassy fracture. In all four bores, beds 
of intrusive dolerite were met with near the Pumpherston position, 
but other borings by the Oakbank Company in Hopetoun Wood found 
the Shales in good condition. These strata are fully dealt with in 
the description of the adjoining Duddingston field (see p. 65). 

One of the deep diamond bores above referred to (No. 338) 
was put down south of Linhthgow Oil Works on the crown of the 
Gateside arch, and went 60 J fathoms below the Burdiehouse Lime- 
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stone, meeting with nine successive sills of dolerite, so that the in- 
trusions are clearly extensive in the Champfleurie field (Fig. 16). 

Dunnet Sandstone Group. — As proved in a diamond boring, the 
strata between the Burdiehouse Limestone and the Dunnet Shale are 
about 58 fathoms thick along the Gateside antichne, from Linhthgow 
Oil Works up to Whitequarries, but they thin out to 35 fathoms south- 
west of Midhope. At the bottom of the series are 10 fathoms or so 
of dark blaes with several bands of shale or shaly blaes representing 
the Camps Shale ; above are some bands of oohtic sandstone, very 
limy, succeeded by massive beds of sandstone. In the Whitequarries 
bore these sandstones are replaced by dark marly blaes with cement ribs. 

Port Edgar Ash. — On top of the sandstones there is a coarse, dark, 
volcanic ash. This bed, highly characteristic of the northern shale- 
fields, is composed entirely of sedimentary materials. Angular 
fragments of clay ironstone, cement, blaes and occasional chips of 
bright coal, he tumbled about in all directions : there is no igneous 
material, the rock probably being an explosion breccia (p. 74). 
The ash bed is about 3 feet thick in a bore south of Philpstoun, but 
thickens out to 24 feet in the Whitequarries boring, to the north-east. 
It is covered by 10 to 25 fathoms of marly blaes with many hard ribs 
of Hmy " kingle " sandstone and cement, underlying the Dunnet Shale. 

Dunnet Shale. — This valuable seam is 10 or 12 feet thick north of 
Philpstoun, and a new mine, with the most modern equipment, has been 
opened by James Ross & Co. on the outcrop at Whitequarries. South 
of Philpstoun and Bridgend the Shale is useless : the cause of this 
deterioration is apparently connected with the original deposition 
of the seam, and it is far-reaching, for it has affected the Shale as far 
south as Houston, and eastwards to Winchburgh or beyond. In No. 
418 diamond bore, south of Philpstoun, the Shale position was repre- 
sented by strong dark blaes with a deep brown streak. The seam was 
recognised by means of a yellow marly stone, a few inches thick, which 
immediately underlies the shale all over the district, and is an 
infallible guide to its position ; a similar " mark " is found in the 
Broxburn field. The bed is a fine limy volcanic tufi (Barracks Ash 
of Mid-Calder, etc.)* : north of Philpstoun there is a further band 
of oil-shale 2 or 3 feet thick under this position. 

The outcrop of the Dunnet Shale runs northwards from White- 
quarries to join that shown on the pubhshed maps south of Abercorn, 
where it was opened out in some small quarries near the " Blue Gate." 
The seam dips west at 30° to 40° all the way, although this steep angle 
rapidly decreases underground round Philpstoun House (see Fig. 14). 

Borings show that the Shale position outcrops for a short distance 
in the core of the Gateside arch south of Linlithgow Oil Works. 

Binny Sandstone Group. — These strata vary enormously in thick- 
ness. At the east side of the Philpstoun field, at Craigton, they are 
over 70 fathoms ^ick, mostly consisting of massive sandstones. 
Northwards, between Philpstoun House and Whitequarries, they thin 
to 40 or 50 fathoms, falhng to 30 fathoms west of Midhope. This 
progressive diminution continues to the south, so that a mile south 
of Bridgend the, series is represented by 9 fathoms of strata, in which 

* In this bore (No. 418) the position of tlie Barracks Limestone could be 
recognised 2 fathoms below the ash, there being soft, dark, entomostracan lime- 
stone and limy blaes, in all 4 feet thick. 
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there are only 4^ fathoms of fakes with sandstone ribs, the rest being 
marl and blaes. In this case, over 400 feet of sandstone have dwindled 
to 27 feet, in a distance of two miles (see Fig. 17). 

There is an excellent exposure of this series on the west side of 
the Ochiltree Fault in the railway cutting at Craigton, where the 
Houston Marls are brought against the Binny Sandstone, the displace- 
ment being not less than 150 fathoms. 

Two of the sandstones were quarried for some years, one on the 
north side of the cutting near Craigton and the other on the south side 
of the canal to the east of Cockmuir. The highest bed was opened out 
some time ago at Whitequarries for estate purposes, where it is a 
strong massive rock, but owing to its jointed character it does not 
form a good building stone. 

Chamffieurie Shale.— This seam, first worked by the LinHthgow 
Oil Company, and then known as the "Wee" or " Champfleurie 
Dunnet," represents the Lower Grey Shale of Broxburn, a conclusion 
first arrived at by Messrs. Cadell and Grant Wilson, whose work has 
been amply confirmed by recent boring. The seam belongs essentially 
to the Broxburn Group and not to the Dunnet, since it hes on top of the 
Binny Sandstone. 

As a workable subject, this Shale is purely local. It attains its 
maximum development in the centre of the Gateside anticline, and 
from Philpstoun down to the south of Gateside it is from 10 to 15 feet 
thick, thinning rapidly both north and south of this area. The 
overlying strata of blaes and marl, separating this seam from the 
Broxburn Shale, behave in a similar manner : south of Gateside they 
are 40 fathoms thick, but are estimated at 15 fathoms, half a mile 
S.W. from the farm, where, as previously mentioned, the seam hes 
only 9 fathoms above the Dunnet position (see Fig. 17). They are 
partially exposed in the Haugh Burn above Bridgend. At the north- 
east end of the Philpstoun field, a bore, 340 yards west of Midhope, 
found these strata less than 6 fathoms thick. 

Broxburn Shales. — The Broxburn Shales have been extensively 
worked all round the Gateside arch. On the west side of this fold 
they dip away regularly, but on the east lie in a narrow trough, which 
extends south in two small isolated basins cut ofi by the Ochiltree 
Fault, where several acres have been wrought opencast. The Shales 
are at present being mined north of the railway, where they dip west 
at 30° or 40°, and so reach the shore east of the Midhope Burn. South 
of the railway three seams are found, which vary somewhat, as shown 
by the following average sections : — 
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Borings west of Midhope have proved the Broxburn seam about 
6 feet thick, the Upper Shale being spht into several bands. 

In the underground workings some distance to the west of Philp- 
stoun House a mass of mineral bitumen was got in some troubled 
ground in the vicinity of this shale. 

Broxburn Marls. — The " Upper Grey Shale," 6 feet thick, is 
found all through the Philpstoun field about 4 fathoms above the 
Broxburn Shale, and occupies its usual position at the base of the 
Broxbmn Marls. The latter are well exposed in the railway cutting 
at Philpstoun Station, and consist of grey and green calcareous beds 
with cement bands weathering hght yellow. 

These strata, in common with most of the underlying beds, thin 
rapidly northwards. In the Champfleurie area they are 40 to 45 
fathoms thick, but are reduced to 17J fathoms at Philpstoun, 15 
fathoms at Philpstoun House, and west of Midhope they drop from 
10 to 6 fathoms. 

Fells Shale. — This seam, not worked, has been proved in several 
diamond bores in the Philpstoun field : it hes directly on the Marls, 
there being no limestone under the shale. 

Houston Goal. — Little is known about the former working of the 
Houston Coal in the Wester Ochiltree syncHne, although there are 
traces of old crop pits. It was only 20 inches thick in a bore 500 yards 
N.W. of the farm, and other borings further north round Pardovan 
and Midhope show that it degenerates in that direction : the coal was 
found in a well sinking at Philpstoun House. 

Borings S.W. of Midhope prove that the seam is separated from 
the Fells Shale by some 30 fathoms of fakes and sandstone, and that 
there are a few inches of grey shale above the coal. 

The Houston Marls retain their predominant green colour in 
borings round Midhope, but they seem to vary rapidly in thickness, 
from 20 down to 3 fathoms, with a thin shale on top, apparently 
replacing the Two-foot Coal. 

Two-foot Coal. — At the western edge of this area the interbedded 
ash, which hes above the Two-foot Coal, is well exposed on the roadside 
between Riccarton and Wester Ochiltree. A short distance to the 
south of this road, and immediately below this volcanic horizon, an 
old day-level is still visible, proving that this seam was at one time 
worked. At Binns Mill, tfnderneath a similar ash bed, a band of 
ironstone with a thin coal was wrought forty years ago, which probably 
represents this coal. 

Midhope Shale. — In the Philpstoun field there is an oil-shale some 
distance above the top of the Houston Marls. This seam outcrops 
along the course of the Midhope Burn near Abercorn, and is again 
well exposed on the shore 500 yards north-east of the burn mouth. 
FPom 10 to 15 feet of hard shale can be seen, covered by a foot or 
more of hmy blaes crammed with entomostraca. 

On the existing maps this shale is identified with the Broxburn 
Shale, but this is certainly a mistake ; borings through the seam 
just above its outcrop east of Midhope, and again about half a mile 
to the west, show that it hes from 11 to 33 fathoms above the Houston 
Marls, the intervening strata being blaes, with a very persistent band 
of green marl 20 feet below the shale. This oil-shale may represent 
the Raeburn Shale of the West Calder field. If some good index such 
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as the marine shell-bed so characteristic of the Mungle position, can be 
found in future borings, the exact position of the shale could 
be fixed. Pending such a discovery, it seems best to give the 
seam some independent name, and Midhope Shale is therefore 
suggested. 

Borings north of Champfleurie House indicate that the freestone 
quarried at Pardovan hes just below the Midhope Shale and that the 
Kingscavil sandstone comes above. These sandstones appear to 
thin out rapidly to the north-east, being replaced by fakes and 
blaes. 

Nearly half a mile N.E. from Riccarton several feet of shale 
and shaly blaes outcrop in a streamlet ; this seam appears to be 
the Midhope Shale, and rests on the ash bed above the Two-foot 
Coal. 

In the burn below Riccarton Farm there is a bed of hard blue-grey 
limestone with small Producti, covered by a dolerite sill, the latter 
apparently being a continuation of the intrusion mapped to the north- 
west of Kingscavil. 

This limestone cannot be far below the Cobbinshaw position, and 
is certainly above the Raeburn Shale. It may be a useful index in 
boring the unknown ground north and west of Binns, in which there 
is probably an extensive shale-field awaiting development. With 
reference to this matter, it may be mentioned that an easterly dip of 
fakes and sandstones seen near the shore a mile N.E. of Binns, suggests 
that there is a roll-up hereabouts, which may bring the Broxburn 
Shale near the smface. At the same spot an oil-shale is reported 
to rest on the sandstones, and this may represent the Midhope 
Shale. 

14. Duddingston Shale-fleld. 

(Linlithgow, 2 S.E. ; small portions in 2 S.W., 6 N.W. and N.E.) 

This shale-field Hes on the north side of the Ochiltree Fault, between 
Hopetoun House and Queensferry. 

The strata are well exposed on the shore section, and range from 
below the Pumpherston Shales up to the Binny Sandstone. 

Many interesting featm-es are found in this area. The persistent 
northerly attenuation which sets in from the central shale districts 
culminates here : this is strikingly exemphfied in the strata between 
the Burdiehouse Limestone and the Pumpherston Shales, which have 
only one-fifth, or sometimes even one-eighth, of the thickness seen in 
the Pumpherston field (see Plate II.). The identification of the 
Pumpherston Shales is due to the enterprise of the Oakbank Company 
which, a few years ago, put down several diamond bores beneath the 
Burdiehouse Limestone, finding several good shales with a rich ammonia 
yield. The cores were carefully laid aside in boxes, and dming the 
recent revision permission was given to examine them : as a result, 
the shales (locally known as the Hopetoun Shales) could be corre- 
lated with those of the Pumpherston series, several index horizons 
being found which also occur west of Pumpherston. In particular 
there was a blaes bed, full of marine shells, which has subsequently 
been traced on the shore sections to the north and east, resulting in 
important modifications in the reading of the Queensferry sequence, 
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SHORE SECTION, WEST SIDE OF HOPETOUN ANTICLINE, FROM MIDHOPE 
BURN TO HOPETOUN HOUSE. 



MiDHOPE 

Shale 



Calcareous sandstone with plant remains 
Gap .... 

Flaggy, false-bedded sandstone . 
Gap, iritli sandstone at intervals . 
Gap ..... 

Sandstones with bands ot limy kingle 
Faky sandstone .... 

Blaes, limy, and 1 in. rib of grey limestone, all full of 
entomostraca 
[ Shale, hard, flaggy 

Cement rib .... 

[,Shale . . . . 

Sandstone 

Gap ..... 

Sandstone, yellow and grey, false-bedded 
Gap ..... 

Sandstone ..... 

, Gap (? with fault cutting out the Broxburn Shale) 
DuNNBT Shale, excellent, with some plant and fish remains 
Babbacks Ash Grey marlstone, limy ..... 

Shaly blaes, strong, with fish remains, etc. 

Sandstone ..... 

Gap .... 

Sandstone, brown, with marly bands 

Gap . . . . 

Sandstone, coarse, brown 

Gap ... 
Sandstone, nodular 
Gap . 
Shale and shaly blaes . . . . 

Limestone, grey, glassy fracture 

Cements, yellow, with worm-tubes, and blaes below 

Cement ...... 

r Blaes, shaly blaes and cement ribs 
PumpheestonJ Gap ...... 

Shales 1 Dolerite (Hopetoun Sill) 

'.Shale, poor . . . . 

Blaes and shaly blaes .... 

PnMPHEESTON f Marine shells in grey blaes, like " alum " shale. Orthoceras 
She.. BE. [ ^,^ '^^^^^^^ '_ 
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SHORE SECTION EAST SIDE OF HOPETOUN ANTICLINE. 



DUNNET 

Barracks Ash 



Cajips Shale 
buhdieitousb 



pumpheeston 
Shales 



pumphekston 
Shell Bed 

qubensferey j 
Cements | 



Shale, and shaly blaes with thin irony ribs . 
Soft, yellow, marly sandstone and blaes partings 

Calcareous sandstone 

Sandstone beds with gaps between 

Blaes and shaly blaes (many gaps) 
Limestone, grey, glassy fracture (mostly quarried out) 

Blaes, dark .... 

Cement bands with blaes between 

Blaes, part limy, with entomostraca, etc. 

Sandstone, broim 
Cement, striped, with breccialcd bands 

Blaes and shaly blaes 
Dolerite (Hopetoun Sill) 

Blaes, soft 
Dolerite (Hopetoun Sill) 
Shale, poor ..... 

Blaes and shaly blaes with ribs . 
Grey pyritous blaes, with marine fossils {Qnhoceras, etc ) 

Blaes 
Cement, oolitic, some small worm-tubes '. 

Blaes • . . . . 

Cement, with worm-tubes 

Blaes and shaly blaes, and cement ribs . 



Feet. 


Inches 


10 








6 


8 
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60 
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The structure of the field is simple, and continues the features 
developed in the districts further south. There are two important 
antichnes, one to the west (the Hopetoun Arch) being a continuation 
of the great anticHne passing through Pumpherston, Broxburn, and 
Winchburgh, while the other, to the east, is in line with the Kirkhston- 
Humbie ridge. Between these folds hes the Duddingston Trough, in 
accord with the Drumshoreland-Westfield synclinal axis. All these 
folds pitch gently to the north, and are clearly seen on the shore section 
(see Fig. 19). 

A dolerite intrusion (the Hopetoun Sill) occupies the centre of the 
eastern anticline, but dies out rapidly to the north-west, being but a 
few feet thick north of Hopetoun House. This intrusion gradually 
rises to the east, until it reaches the Burdiehouse Limestone near Port 
Edgar. 

There is considerable variation in the sediments of this field, 
although not to such an extent as in the Philpstoun district. 

Pumpherston Shales. — Most of the bores put down by the Oakbank 
Company to these seams are situated in the southern portion of the 
field. An average section of these borings gives — 



DUDDINGSTON SECTION— BUBDIEHOUSE LIMESTONE TO 
PUMPHERSTON SHALES. 

Ems. Ft. In. 

1. BUBDIBHOUSE LIMESTONE. 

2 Dark blaes with several soft limy bands full of en tomostraoa 12-15 

3. Sandstone to 11 

4. Grey Hmy cement, striped, with some irregular concre- 

tionary bedding and breooiation : in two or more bands 3-12 

5. Eakes and sandstone . . . . . 4 

6. Dark blaes and shaly blaes with four bands of oil-shale, 

eaoh4to6ft. (PumpheestonShales) . . . 12-16 

7. Blaes and thin ribs of yellow felspathio ash . . 4 

8. Dark blaes . . . . . . 3 ft. to 2 

*9. Soft grey blaes, pyritous : after exposure becomes coated 

with small crystals of gjrpsum, giving it the appearance of 
an " alum shale " : marine shells abundant (Orthoceras, 
small lamellibranchs, occasional Goniatites, set in a 
matrix crowded with entomostraca) (Pumpherston 
Shell Bed) ...••• 

10. Dark blaes . . . ■ 

11. Grey Umy cement, with small oolitic grains i (Qjjj,j;](,g. 

12. Dark blaes . . . ■ , , ' I perry 

13. Grey limy cement with small worm-tubes Cements) 

and irregular cavities . . . •' 

14. Blaes with some thin ribs of flaggy sandstone 

15. Sandstone ...•••• 

The foregoing strata are thinnest on the south side of Duddingston 
Farm, where the top shale is only 18 fathoms below the Burdiehouse 
Limestone. 

The sandstone (No. 3 in above table) disappears round Newton, 
but thickens out rapidly towards the north and north-east, where 
it is seen on the coast section at Society, and again east of Banks 
Farm. At this point the Hopetoun dolerite immediately underlies the 

* This bed is in every way identical with that found in the Newyearfield 
boring, 2 miles west of Pumpherston (see p. 35). 
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Duddingston Shale-field. 69 

sandstone and has probably destroyed the Shales, but on the east side 
of the Banks anticline, rises rapidly, so that the seams may be work- 
able south of Port Edgar. This dolerite underUes the Shales in the 
Duddingston Basin, and practically dies out to the N.W., although 
it is present in strong force over the Philpstoun field. 

The Pumpherston Shales seem to degenerate northwards, and are 
in very poor condition on the shore beyond Hopetoun House. In 
the south-west part of the field they outcrop in small folds on the 
crest of the Hopetoun arch, in Hopetoun Wood, where they have 
been proved by boring. 

Burdiehouse Limestorie.— This Umestone, 5 to 15 feet thick, was 
at one time extensively worked on the south-west side of the 
Duddingston Basin, round Newton. Borings indicate that the small 
syncUne of this limestone shown on the pubhshed maps south of 
Hopetoun House is not detached, but is in direct connection with 
the main outcrop to the east (PI. III.). 

The limestone has been quarried out on the shore sections near 
Baiiks, and on each side of the Hopetoun arch, and is best seen to 
the north-east of Hopetoun House. It is a dark banded rock, with 
grey or creamy weathering, and glassy fracture, and is very pure. 
In all three sections it is underlaid by one or more bands of limy 
cement, weathering with a bright yellow ochreous crust ; these cements 
contain small worm-tubes, and are similar to the lower of the two 
Queensferry Cements, under the Pumpherston position. In the Banks 
section these cements are intersected by thin "sandstone dykes," 
which owe their origin to fissures that were formed after the partial 
or complete solidification of the beds, and were subsequently filled 
up with sand, probably sifted from above. Hence it is probable that 
the Umestone set into a hard rock before it was overlaid by any great 
depth of sediment. At the first glance these dykes simulate the 
appearance of an igneous intrusion, and in all probabihty the " sand- 
stone conglomerate," which traverses the same hmestone at Port 
Edgar, as recorded by Mr. Cadell (" Trans. Inst. Mining Engineers, 
vol. xxii, p. 363), had a similar origin. 

Camps Shale. — Over the hmestone is a blaes bed 5 to 9- fathoms 
thick, containing two bands of shale mixed with shaly blaes. These 
represent the Camps Shale, and die out northwards, being replaced 
by shaly blaes on the shore section. 

Dunnet Sandstone Group. — These strata vary from 28 to 36 fathoms, 
thickening northwards. In the lower part, the Port Edgar Ash 
noticed in the Philpstoun field has been found in bores, where it is 
6 to 12 feet thick. This ash rests on a few feet of grey limy cements 
and " kingle " sandstones with ooUtic grains, as in the Philpstoun 
shale-field. The sandstones below, so well developed to the south- 
west, are in this field only a few feet thick. In one bore (No. 12) 
on the coast east of Society, the ash was only 9 fathoms above the 
Burdiehouse Limestone. Bores between this point and Bridgend, 
near Philpstoun, show that a progressive thickening of the intervening 
strata sets in towards the south and south-west. 

There are from 20 to 30 fathoms of strata between the ash bed 
and the Dunnet Shale. Round Duddingston these beds mainly consist 
of dark marly blaes, with a few ribs of sandstone and Hmy cement in 
the upper part. Northwards the blaes is largely replaced by coarse 
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SHORE SECTION, QUEBNSFERRY TO WHITEHOUSE POINT. 

Feet. Inches. 
DiTNNET Shale ...... 5 



Baekacks Ash Soft yellow marl rib, pyritous . 
Sandstone . 

Fault 5-10 fms. 

Camps Shale (with light ashy rib at base) 

BuEDiEHOrSB Limestone, dark, glassy fracture 

Blaes 
Dark limy blaes, entomostraca, etc. 

Blaes and bands 
Cement, weathers yellow, small worm- 

Blaes, faky 

Sandstone . 

Dolerite sill, pale blue 

Sandstone, yellow . 

Faky blaes 

" White Trap " (Hopetoun Sill) 
Cement, striped, irregular 



tubes 



1 




300 



5 
12 

2 
33 

1 
19 
42 

2 
93 
11 

2 
ft. to 4 



'Shale and shaly blaes, with two irregular ribs of 
limy cement, each 9 in. 
Blaes and ribs 
PxJMPHEESTON Shaly blaes and dark cement ribs 
Shales ^ Black blaes and cement ribs 
Gap (Bum mouth) 
Shale, good, plain 

Blaes, dark, papery 

PumphbrstonJ Marine shells (Orthoceras, etc.) in grey blaes, 
Shell Bed \ pyritous, like " alum shale " 1 ft. 

Blaes, dark, papery 



5 
15 
14 

8 
3 
6 
8 



tol 
4 



Qtteenspebky l^'^^Biaefy' yellow-weathering, oolitic 

(.Cement, cream-coloured, with worm-tubes 

Blaes and thin cement ribs 
No. 1 Shale, curly 
Shaly blaes .... 

Blaes .... 

Shaly blaes .... 

Cement, with small chips of blaes, etc. . 

Faky blaes and faky sandstone 

Gap .... 

Faky blaes .... 
'Shaly blaes .... 



(?)Dalmahoy 



1 

2 

6 

15 

1 ft. to 2 

1 

2 

1 



40 

36 

2 

2 



No. 3 Shale, good, plain 

Cement rib . 
Shale, plain .... 
Shaly blaes .... 

Sandstone, etc., flaggy 

Gap . . . . . 

Sandstone, coarse, yellow, in beds . 
Faky blaes with ironstone ribs 

Gap . . . . . 

Marly blaes, indurated, with small white 
spheroids 
Dolerite sill (Mons Hill) . . . '. 



1 


1 

4 ft. to 6 
49 
74 
. 156 
51 
84 



45 
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brown sandstone, which was 22 fathoms thick in a bore on the coast 
200 yards S.E. of Society Point. This bore was put down within a 
few yards of the dark greenish agglomerate seen on the shore, and con- 
firmed the suggestion of Messrs. CadeU and Grant Wilson that this 
was a volcanic neck (Fig. 19.), for no material of this nature was passed 
through until the Port Edgar ash was reached at 53 fathoms. 

Dunnet Shale.— The Dunnet Shale is well exposed on the shore 
immediately west of Society. It occurs in two bands, each about 5 
feet thick, the lowest being of excellent quahty ; they are associated 
with 14 feet of mixed shale and blaes, with fish remains. The Shale 
rests on a black carbonaceous ironstone crowded with fish remains, 
and west of Hopetoun is again visible on the shore, resting on a three- 
inch bed of fight greyish tuff (Barracks Ash), as at Philpstoun. 

The inland outcrop of this shale round the Duddingston Basin 
was first traced by Mr. Cadell, on the Geological Survey map, many 
years ago. Subsequent boring by Mr. James Jones, of the Dalmeny 
Oil Company, proved that this work was perfectly correct, and the 
seam has since been extensively worked by the Oakbank Company 
from Nos. 1 and 2 mines, Duddingston. 

The Society Point bore, above referred to, found 13 feet of marly 
blaes with cement ribs over the Shale, succeeded by 17 fathoms of 
sandstone with faky partings, well seen on the shore. These strata 
represent the Binny Sandstones, and are the highest in the field. 

15. Queensferry and Dalmeny Shale-flelds. 
{Linlithgow, 2 S.E., 3 S.W., 6 N.E. and 7 N.W.) 

These fields he in the north-east corner of the West Lothian Shale 
region, near the Forth Bridge, and are separated by the Ochiltree 
Fault. The Queensferry field lies to the north of this dislocation, 
most of the component strata being well exposed on the shore section, 
especially as regards the sequence below the Burdiehouse Limestone. 
The Dalmeny field contains strata up to the Houston Marls, and the 
Broxburn Shale has been worked here for a prolonged period, being 
now almost exhausted. 

Both fields are traversed by a deep synchne, broken in the centre 
by a small arch, which broadens out southwards beyond Dalmeny. 
These folds all pitch to the north. 

The Ochiltree Fault divides at Dalmeny, and a branch proceeds 
south-eastwards towards Cramond, the other continuing eastwards. 
A small dislocation, down west 5 or 10 fathoms, is seen on the shore 
immediately east of the Forth Bridge, and joins the Ochiltree Fault 
south of Queensferry. 

In the Queensferry field, recent work has led to new views in the 
reading of the shore section. It now appears that the bed hitherto 
known as the Biu-diehouse Limestone is a hmy cement underlying 
the Pumpherston Shales, and the marine shell bed of Pumpherston 
and Duddingston has been discovered on top. The " Dunnet Shale 
and Limestone " of the pubUshed maps are in reahty in the Camps 
Shale and Burdiehouse Limestone positions, and are faulted against 
the Dunnet Sandstones to the west (see Fig. 19). The " Broxburn 
Shale " at Queensferry has now been identified as the Dunnet Shale, 
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and the whole sequence, as revised, talHes remarkably well with that 
at Duddingston and Society. 

Some new points have also been noticed in the Dalmeny field, 
particularly in regard to the outcrop of the Pumpherston Shales. 

Queensferry Shale-field. 

This field will probably be an important one in the near future. 
The Dunnet, Camps and Pumpherston Shales are all in fair con- 
dition, while seams are also known below the Pumpherston, one being 
six feet thick (? Dalmahoy Shale). Much of the ground between 
Queensferry and Dalmeny is built over, but below sea-level a large 
area of shale is still available. 

A revised table of the strata visible on the coast section is given 
on p. 70 : the beds under the Burdiehouse Limestone are best seen 
east of the Forth Bridge, while those above that position are exposed 
round Queensferry, on the west side of the main synchne. 

The strata below the Queensferry Cements (which he at the base 
of the Pumpherston Shales) are indifferently exposed, and there is 
some faulting on the west side of the Long Craig Pier. A diamond 
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Fig. 20. — Section from Queensferry across the Dalmeny Sliale-field. 

bore situated 600 yards S.V/. from the Long Craig Lodge proved four 
shale positions in these strata, two of which are seen on the shore 
(Nos. 1 and 2 in table) ; No. 2 shale, seen at low tide immediately 
west of the Long Craig pier, may be the Dalmahoy Shale, and is the 
lowest oil-shale of good quality yet known in the Lothians. 

The Queensferry Cements form the long ridge running out to sea 
230 yards west of the Long Craig Pier. They are calcareous, but can 
hardly be termed true hmestones, as are those of the Burdiehouse 
type : the lowest bed has been quarried on the shore to a shght extent, 
but must have been of httle value. 

The marine shell bed, just above, weathers hke an alum shale, 
with an efflorescence of gypsum, and, hke the cements below, is identical 
in character with the equivalent strata on the Hopetoun coast section. 
Diamond bores to the south-west found the overlying Pumpherston 
Shales better than on the shore, three good seams being proved, 
although the ammonia yield is not quite so high as at Duddingston ; 
these Shales are now being opened up by a mine on the east side of 
Dalmeny Station. The bores also passed through several thin dolerite 
sills, as on the shore : these intrusions represent the most easterly 
continuation of the Hopetoun " float," and lie at a much higher 
horizon than the great Mons Hill sill (see Fig. 19). 

Burdiehouse Limestone. — The Burdjehouse Limestone,dark coloured, 
banded, and vnth its characteristic glassy fracture, is exposed on 
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the shore at low tide 80 yards east of the Forth Bridge. Part of the 
Camps Shale above is visible, faulted against sandstones which are 
known to be covered by the Dunnet Shale further west, but the Port 
Edgar Ash, which is here only a few feet above the Camps Shale, is 
thrown down out of sight. 

On the west side of the Queensferry Trough,the limestone reappears ; 
in the old workings at Port Edgar, known as the " Dimdas Limework," 
it was from 6 to 9 feet thick, dark in colour, and contained some iron. 
The limestone was in three beds, and was traversed by a dyke of so- 
called " sandstone conglomerate " divided in the centre by a vein of 
spar, containing galena, and running in a north-westerly and south- 
easterly direction. In the workings at Echhne, the limestone was 
pierced, at one place, by a dyke of igneous material, perhaps an off- 
shoot from the main mass of eruptive rock found to the west. 

There is a small exposure of this limestone in the old quarry on 
the south side of the Dalmeny Railway Station and Society road. 
Here it is a dark-coloured rock of freshwater origin, and, from this 
point, the course of the working can be traced by " sits " or subsidences 
into the " waste " in the fields north and south of Echline Farm. To 
the south it is cut ofi by the Ochiltree Fault. 

The Hopetoun sill, which is such a prominent feature in the centre 
of the Banks anticline west of Port Edgar, underhes the Pumpherston 
Shales in the Duddingston Basin : north of Lawflat it is involved in 
these Shales, while at Inchgarvie it rises above into the sandstone, 
as can be seen at the cross-roads west of the Port Edgar lime workings. 
On the east side of the Queensferry Trough, as noted above, the sill 
has almost disappeared, but still hes above the Shale. Consequently 
it is inferred that around Port Edgar and under the Queensferry 
syncUne the Shales may be quite workable at a shallow depth (see 
Fig. 18), and there is in addition the probability that the underlying 
seams seen east of the Forth Bridge may also be got. 

Dunnet Shale and Sandstone Group. — In the railway cutting at 
Port Edgar there is an excellent section of these strata, shown in 
condensed tabular form below : — 

SECTION IN THE PORT EDGAR RAILWAY CUTTING. 

Grey sandy blaes, blocky . 

Grey blaes and thin ironstone ribs 

Strong dark blaes . 

White trap (dolerite sill) . 

Burnt blaes and daugh . 
DuKNET Shale, plain 

Babraoks Ash Soft yellow ash rib and daugh, pyritous, 
with parting of shaly blaes 

Brownish grey sandstone, in beds 

Gap (mostly sandstone) 

Dark blaes with cement ribs 
Port Edgar Ash Sedimentary breccia 

Dark blaes and cement ribs 

Dark grey limy sandstone, faky at top 

Dark blaes and cement ribs 

Black sandstone, limy 

Blaes and thin sandstone ribs 

Dark irony limestone, fish teeth, etc. 

Blaes and cement ribs 



Feet. 


Inches 


10 





20 





5 





1 


5 


1 


2 


5 
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The Burdiehouse Limestone has been mined a few feet below, 
and " sits " can be seen round the bridge near the shore. 

The Port Edgar Ash is very well seen near the west end of the 
cutting. This most remarkable bed is here at its maximum, being 
37 feet thick, and is of the same type as at Duddingston and Philpstoun. 
It is composed entirely of sedimentary materials, set at all angles in a 
dark sandy matrix. The fragments (some very angular, others 
rounded) mostly consist of clay ironstone, cements, or dark blaes, 
such as are found in the strata immediately above or below. The 
occasional presence of foreign material (coal, yellow pyritous sand- 
stone, etc.), and of irregular lenticles of blaes 3 feet or more in length, 
suggests that the rock is not a desiccation breccia, but is more 
probably due to a dust explosion proceeding from one of the numerous 
volcanic necks which are found on either side of the Forth. At the 
same time it is a remarkable fact that there seem to be no fragments 
of the Burdiehouse Limestone, which lies only 10 fathoms or so below 
at this spot. Mr. Cadell suggests that the breccia may have been 
thrown out from a parasitic cone resting on a dolerite sill intruded about 
the Camps Shale position early in Carboniferous times, when only 
a few feet of sedimentary cover had been deposited on the Shale. 
The theory does not seem impossible, and certainly intrusions of 
teschenite are known at this level further south, near Erkliston. 
Such an unique phenomenon deserves further investigation. 

It may be remarked that at Philpstoun the Port Edgar Ash lies 
high up in the Dunnet Sandstone Group, but going east the under- 
lying strata thin out, while those above expand, until at Queensferry 
the Ash lies only a few fathoms above the Burdiehouse Limestone 
(see Plate II.). 

The ribs of hard limy cementstone that are found in the blaes above 
the Ash in the cutting are intersected by many small reversed faxilts, 
apparently formed during the original consolidation of the sediments, 
as they rapidly disappear in the surrounding blaes. 

The succeeding sandstones are partly visible in the cutting, further 
east, and again on the shore section. They are soft false-bedded 
strata, with no good freestone beds. West of the harbour they contain 
one or two ribs of oolitic cement on much the same horizon as at 
Rosyth and in the shale-fields to the west and south-west. 

Dunnet Shale. — The Dimnet Shale, 5 feet thick, is well seen in the 
railway cutting at Queensferry Goods Station. There is a light grey, 
yellow weathering rib of ashy sediment in the floor of the seam, resting 
on the sandstones below as at Society, Philpstoun, etc. (Barracks Ash), 
and with much pyrites dust. The thin sill of white trap in the roof of 
the seam has no great efiect on the shale. 

Practically identical sections are seen in the harbour, and in the 
small glen to the west of Rosehill, the seam being repeated by a sharp 
anticline east of the harbour at The Craigs', pitching to the north. 
There seems to be no reason why there should not be a large area of 
this Shale available beyond tide-mark, as the associated dolerite sill 
is at its maximum in the Dalmeny field, and is apparently djdng out 
to the north. 

The identification of this seam is of considerable economic import- 
ance, owing to the data afforded as to the depth of the Camps and 
Pumpherston Shales below. The chief reasons for considering that 
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it is the Dunnet and not the Broxburn Shale are (1) there is no trace 
of the Broxbiirn Curly and Grey Shales, which should be immediately 
above, as at Dalmeny ; (2) the ash rib in the floor of the seam agrees 
with that found below the Dunnet in the other shale-fields ; (3) the field 
evidence west of Queensferry gives only 53 fathoms of strata between 
the Shale and the Burdiehouse Limestone at Port Edgar ; (4) the sand- 
stones below are of poor quality, very unlike the excellent Binny 
freestone of the Dalmeny quarries. 

Dalmeny Shale-fisld. 

This area comprises the tract which Hes on the south side of the 
Ochiltree Fault between Dundas Castle and Cramond. 

In this field we find the southern prolongation of the compound 
synchne of the Queensferry Basin let down by the Ochiltree Fault 
so that it contains strata above the Houston Coal. The fine of the 
Ochiltree Fault forms its northern boundary, the displacement at 
Dalmeny Station being about 235 fathoms, as the Houston Marls 
are brought down against the Pumpherston Shales. Mining and 
surface evidence shows that the fault divides east of this point, one 
branch running due east, while the other branch trends further south 
towards Cramond. 

Burdiehouse Limestone and Pumpherston Shales. — On the east side 
of Dalmeny village, the Binny Sandstones have been worked in a large 
quarry, and dip westwards at 35° to 40°. If this angle of dip continues, 
the Burdiehouse Limestone and Pumpherston Shales must be brought 
up a few hundred yards south-east of Easter Dalmeny (see Fig. 20), 
faulted against the Craigie dolerite (Dunnet position). 

The Dunnet Shale is useless here, a diamond bore put down in 
the quarry finding 46^ fathoms of " whin " with 15 feet of burnt 
shale immediately beneath. But the Pumpherston and Camps 
Shales should be untouched, for the Hopetoun sill has practically 
died out to the north-west, and the Mons Hill " float " lies much too 
far below to affect the shales. 

Dunnet Shale. — The whinstone found in the quarry bore, over 
this Shale, was again proved in much the same position on boring west 
of the railway, and probably rises to the south and continues round 
the syncline to join the Dundas Castle intrusion. South of Dalmeny, 
between Craigbrae and Carlowrie Farm, there are several isolated 
outcrops of teschenite, probably due to repetition of one or more sills 
by faults running in a general north-easterly direction, with down- 
throw to the south-east. 

Further south, borings on Carlo wiie estate have proved the Dunnet 
Shale in good condition ; it seems to lie immediately under the dolerite 
from Dolphinton House to Carlowrie Farm. To the south-west the 
sill rises above the Shale, which turns in a N.W. direction through 
Wheatlands, but after crossing the railway bends S.W. through 
Almondhill and thence N.W. again towards Humbie ; this sinuous 
outcrop is more or less parallel with the folding of the Broxburn Shale 
further north. Accordingly, between Almondhill and Wheatlands 
there is in all probability an extensive field of Dunnet Shale, dipping 
gently to N., N.E. and N.W., which should be unaffected by whin- 
stone intrusions. , 
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East of Craigie the Camps Shale should reach the surface, con- 
tinuing the outcrop on the east side of the Ingliston syncline (p. 77) 
from Tiirnhouse School northwards to Burnshot Wood. Unfortun- 
ately the Shale must here lie along the bottom of the pre-glacial 
channel of the River Almond, which runs out to sea at Snab Point, 
and is filled in with 200 feet or more of soft sand, gravel and boulder 
clay. The Pumpherston Shales should outcrop east of this line, but 
are probably all destroyed by the West Craigs sill (p. 77), so that there 
is little hope of good shale ever being got east of Craigie. 

Binny Sandstone. — Bores have been put down immediately north 
of the old quarries in this series at Dalmeny, but no freestone was got, 
for one of the branches of the Ochiltree Fault must run past the north 
end of the quarries. Further south there is a good deal of drift, 
which has probably prevented any exploitation of the stone until 
the Craigend quarries are reached, at the extreme south-western 
limit of the field. 

A diamond bore from the outcrop of the Broxburn Shale south- 
west of Dalmeny found over 13 fathoms of sandstone at the top 
of the Binny Series, covered by limy fakes, with 18 inches of shaly 
blaes above representing the Champfleurie Shale. Over this seam 
were 2 fathoms of " whinstone," succeeded by 17 fathoms of " hard 
cuttery sandstone " close under the Broxburn Shale. 

Broxburn Shale. — The lower workings in this series of shales are 
in the " Curly " and " Broxburn " seams. The former, which is 
the higher of the two, is 8 feet thick, and is separated from the latter 
by 4 feet of shaly blaes, forming the roof of the Broxburn seam. 
This lower section, the workable thickness of which is. 7 feet, is a 
little richer in oil than the overlying " Curly seam " and produces 
30 gallons of crude oil with 35 lbs. of sulphate of ammonia per ton. 
The Six-foot seam is the highest of the group, which, at Dalmeny, 
yields 20 gallons of oil per ton, with 40 to 50 lbs. of sulphate of am- 
monia. 

SECTION OP BROXBURN SHALE, DALMENY. 

Roof, hard limy freestone. 
Black blaes 

Szx-Pooxj^^<'%i^, : 

S'^^*'- [Shale . 
Blaes 

I Shale, curly 
,, plain 
Blaes 
Shale . 

Blaes, shaly 
Bboxbuen i Shale inferior . 
Shale. \ „ good 

Blaes, soft 
Pavement, black blaes 

The mining of the Broxbiun Shale at Dalmeny has hitherto been 
confined to the south and south-east portions of this basin, and 
although the beds are known to strike south-westwards, and then 
to bend round and strike northward by Dundas Castle, the Shale has 
not yet been found workable in that direction, as it is burnt by dolerite 
intrusions. 
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The Ochiltree Fault cuts ofi this field to the north, and as this 
dislocation has a low "hade" to the south, the workable area of 
the Dalmeny field has thus bewi considerably diminished. 

Fells Shale.— The Fells Shale is exposed in the cutting of the 
Dalmeny and Port Hopetoun Railway, but in this field it is not of 
commercial value. Below this seam there are several thick beds 
of sandstone overljdng the Broxburn Marls. 

Houston Coal. — ^About 220 feet of strata, chiefly grey sandstone 
and fakes, separate the Fells Shale from the Houston Coal. This 
well-known seam is apparently in two divisions, separated by inter- 
bedded tuff and agglomerate, which probably represent the southern 
extension of the base of the Burntisland volcanic group, as the Houston 
Coal at Binnend, Burntisland, is directly overlaid by the interbedded 
volcanic rocks of the Kinghorn area. (Fig. 22). 

The lower coal and overlying agglomerate are seen in the cuttings 
of the main line and at the mouth of the Port Edgar branch, but the 
strata are greatly disturbed and faulted, possibly owing to the proximity 
of the large volcanic neck under Dalmeny village. 

The upper coal (about 4 feet thick, with several dirt partings) 
is well seen in the Port Edgar branch, the fireclay pavement resting 
on 3 feet of flaggy entomostracan limestone with sandstone and 
agglomerate below. The coal is covered by 4| feet of shaly blaes 
(Grey Shale of West Calder, etc.) with 20 feet of blaes and flaggy 
entomostracan limestone above ; on these the characteristic green 
Houston Marls are seen, with partings of hard cementstone and reddish 
marl. 

16. Ingliston and Newliston Shale-fields. 
{Linlithgow, 6 S.E., 7 N.W. ; Edinburgh, 2 S.E.) 

This area lies to the south and south-west of Kirkliston ; in the 
centre there is a broad antichne (the Kirkliston Arch), bringing up 
the Burdiehouse Limestone, with the Newhston field to the west and 
that of Ingliston to the east. At Newhston, Young's Oil Company 
work the Dunnet Shale, and the seam wrought by the same company 
at Inghston was also supposed to be the Dunnet, although the shale 
differed somewhat from the Newhston section : recent investigation 
has shown that it is in reality the Camps Shale, the Dunnet only 
occurring in two small basins in the heart of the sjnichne. 

The explored portion of the Inghston field forms the western 
Hmit of a sjnichnal fold, the eastern hmit of which has been partly 
determined by bores and one pit ; the workings show that the axis 
of the fold runs E. bj N. through Slatebarns. 

No sections are visible for a long distance on the east side of this 
field, but strata can be seen dipping west in the river Almond above 
Cramond Bridge, and in the Gogar Burn at Redheughs. 

Pumpherston Shales. — In the river Almond, above Cramond Bridge, 
there is a thick bed of blaes dipping west under the dolerite of West 
Craigs, and at 'the top of this series Mr. D. Tait, of the Geological Sm-- 
vey, discovered a marine shell bed exactly resembhng that lying at the 
base of the Pumpherston Shales, while a Hmy cement below represents 
the Queensferry Cements. The large whin float above must he in the 
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Pumpherston Shales, which would certainly be destroyed at this 
point * ; the sill belongs, however, to the quartz dolerite group, and 
is therefore liable to change its position suddenly, so that there is a 
possibility that the Shales are in good condition to the south, about 
Gogar House. Under the Ingliston syncline, and between Newbridge 
and Kirkliston, we have no reason to suspect that these seams are 
aSected. Allowing for attenuation of the strata between Pumpher- 
ston and Queensferry, the Shales in this field should not be more than 
70 fathoms below the Burdiehouse Limestone. 

Burdiehouse Limestone. — On the north side of the river Almond, 
half a mile south-west of Kirkliston, a Umestone has been quarried, 
traces of the old workings being clearly seen on the north bank of the_ 
river, under the pubhc road, the strata dipping west at a steep angle ; 
there is a coarse felspathic ash, probably part of a neck, a few yards 
to the west. Fragments of the Umestone are Ijang about, the stone 
being of the usual Burdiehouse type. Shallow bores on the west 
side of one of the old quarries, north of Millrig, proved that the lime- 
stone was about 7 feet thick, with blaes and shaly blaes above. Sir A. 
Geikie mapped this bed as the Burdiehouse Limestone, but the out- 
crop was omitted in the later revision. There is, however, no reason 
to doubt that his identification was perfectly correct ; a boring here 
should prove the Pumpherston Shale position within 60 or 70 fathoms, 
and these seams may actually outcrop a few hundred yards to the east. 

On examim'ng a mine section in the Ingliston Pit, the Burdiehouse 
Limestone (which was, as usual, a dark banded stone with glassy 
fracture) was foimd 5 feet thick, and lying 9 feet under the shale 
workings, which must therefore be in the Camps seam. Resting on 
the Limestone was a soft light yellow rib, 3 inches thick and very 
limy ; it might be termed a fine gxained marly sandstone, and may 
contain a large amount of fine volcanic tuff, as it closely resembles 
the Barracks Ash at Queensferry and Society. A similar bed rests on 
the Limestone over most of the shale fields (Queensferry, Society, 
Philpstoun, Livingston, Newfarm, etc.). 

Camps Shale. — From 6 to 9 feet of plain shale are worked at 
Ingliston, with many thick beds of blaes and shaley blaes above the 
seam, containing thin ribs of soft brown ironstone. The nine feet of 
strata that separate the seam from the Limestone below consist 
entirely of blaes. 

Dunnet Sandstone Group. — These strata are about 75 fathoms 
thick and consist largely of dark marly blaes with occasional cement 
ribs : at the top of the series sandstones appear, 10 to 30 fathoms thick. 

Dunnet Shale. — The Dunnet Shale has been proved in several 
borings west of Ingliston House, where it lies in a small basin in the 
centre of the syncline. Further north the Shale was wrought out 
about 20 years ago from a pit at Lennie Muir, v^here it lay in a shallow 
trough cut off to the north by an east and west fault, down south about 
20 fathoms. This dislocation separates the seam from the outcrop 
further north, about Wheatlands (p. 75). The Shale was from 3 to 
6 feet thick, with 4 inches of curly shale in the upper portion. 

The mine levels show that the Shale at Lennie Muir'lay about 75 

* A bore put down from the floor of the igneous rock should, within 50 or 60 
fathoms, pass through the sha es seen about the Dalmahoy position on the shore 
section east of Queensferry, but their quality here is unknown. 
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fathoms above the Camps Shale, which is now being worked north of 
Boathouse Bridge, from the Inghston Pit. 



17. Dalmahoy Area. 

(Edinburgh, 6 N.W., 6 N.E. ; not published as geological maps, but 
copies are supplied on special order.) 

A mile south of Ratho there is an outcrop of oil-shale in the Gogar 
Burn between Burnwynd and the Deer Park of Dalmahoy. In the 
park a steep escarpment runs along the south side of the stream, and 
about 14 feet of shale can be seen, divided in the centre by a foot 
of greenish sandy marl. Immediately above are sandstones with 
" kingle " bands, and underneath are beds of greenish sandy marl, 
followed by dark, papery blaes. At the bottom, in the bed of the 
stream, soft blue blaes with clay-ironstone ribs are seen, one of the 
ironstones being a " mussel band," full of crushed lamelhbranchs. 
The shale is here practically flat, and is again visible on the northern 
bank, but to the east a sudden change of dip throws up flaggy sandstones 
and blaes, beyond which the section terminates. Better exposures of 
the overlying strata are seen at Bmnwynd, but the shale is here 
poorer in quality, and much of it can only be termed shaly blaes. 

The seam was tried many years ago by the Pumpherston and 
Oakbank Companies, and a few shallow bores put down, but no 
further operations resulted. 

An identification of this shale is a matter of great moment, because 
the field evidence suggests that a large area of gently inchned strata 
exists between Ratho and Dalmahoy, where shale could be easily 
wrought. 

Now this Dalmahoy Shale can hardly be the Broxburn, because 
there is no trace of the Curly and Grey Shales above, nor of the 
overlying marls, so characteristic of this position in the Lothians. 
Neither can it be the Camps Shale, because there is no representative 
of the Burdiehouse Limestone below. It is further unlikely that it 
is one of the Pumpherston Shales, because where these seams are 
known a few miles to the west they are invariably covered by thick 
beds of dark blaes, with hard slaty hmestone ribs and cements ; nor 
is there any trace of the Pumpherston Shell Bed below. 

Two suggestions remain — (1) that it is the Dunnet Shale, or (2) 
that it is a new seam below the Pumpherston position. As regards 
the former, no lamelhbranch band is known below the Dunnet in the 
Lothians, except in one case (No. 5 Bore) at Duddingston ; while these 
fossils are very common in the basal part of the Oil-Shale Group, as in 
the Linhouse Water by Oakbank Oil Works. There is, besides, no 
trace of the Barracks Ash, which elsewhere is always found in the 
floor of the Dunnet. 

It is therefore suggested, not without some hesitation, that the 
Dalmahoy Shale lies very low down in the Oil-Shale Group, consider- 
ably below the Pumpherston position. It is an unfortunate conse- 
quence that, apart from this isolated seam, there is no great hkelihood 
of there being any considerable area of productive shale south of 
Ratho. There is, however, a distinct possibihty that a small basin of 
Pumpherston Shale may be got on the south side of the Middleton 
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Hall Fault, round Easter Norton, judging by the presence of a broad 
syncline at Ingliston, on the north side of the dislocation. 

18. Burntisland Shale-field. 
(No six-inch geological maps published.) 

The Burntisland Shale-field is the most northerly one in Scotland, 
and presents many features of interest. The strata outcrop round 
the end of a broad arch, pitching to the north, which is essentially a 
prolongation of the great Pentland antichnal axis, on the south side 
of the Firth of Forth. 

The sediments range from below the Pumpherston position up to 
the Houston Coal, but, above the latter horizon, are largely replaced 
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Fig. 21.— Plan of the Burntisland Shale-field. 

by lavas and tufis, which persist continuously up to the Lower Lime- 
stone Series. 

From the description given by Sir A. Geikie, it appears that there 
can be no doubt that the Grange Limestone of Burntisland is the equiva- 
lent of the Burdiehouse Limestone of the Lothians,* which affords an 
excellent base Une with which to correlate this shale-field with those of 
the Lothians. 

On the west side of the Binn of Burntisland the quarries of Kil- 
mundy and Grange give the following section : — 

BtrEDiBHOtrsE Limestone 
Blaes, with fakes 
False-bedded white sandstone 

lAmestoTM, 
Sandstone . 

Lime3tone 

The Burdiehouse Limestone is here represented by three beds, 
separated chiefly by arenaceous deposits, the uppermost of which 
was first quarried and is now mined by the Carron Company, and the 
stone is sent to Carron for iron-smelting- purposes. 

This limestone has also been opened out on the east side of 
Humbie Wood, due west of Glenshee, where it dips E.N.E. below a 
bed of sandstone, and is about 17 feet thick. A fault probably inter- 

* " The Geology of Central and Western Fife and Kinross," Mem. Geol. Survey, 
p. 46, 



Ft. 


In 


18 





3 to 4 





30 





7 


6 


6 





2 






Burntisland Shale-Field. 



81 



venes between the Humbie Wood outcrop and Dallachy quarry, and 
from this excavation it can be traced by Kilmundy and Grange quarries 
till it is cut off by the volcanic agglomerate of the Binn. 

The Newbigging mine of the Carron Companv extends to within 
a short distance of the Kinross road below Loftheads, where the bed 
is 15 feet 6 inches thick. The air-shaft recently sunk to the north of 
Bankhead gives the following section : — 

SECTION IN AIR-SHAFT AT NEWBIGGING. 



Surface . 

Blaes 
DuNNET Shale 

Sandstone 

Blaes 
BuRDiEHOTTSB Limestone 



Ft. 
16 
24 

4 
147 


15 



In. 


10 

7 
6 



On the east side of the Binn the highest bed of this limestone has 
been quarried at Berryhill and Dodhead Quarries. The outcrop has a 
north-easterly trend for about two-thirds of a mile in the direction of 
Kinghorn Loch, and it abruptly turns to the south on the west side of 
Grangehill. 

Pumpherston Shell Bed. — In the railway cutting one mile east of 
Aberdour, Dr. C. A. Matley, a year or two ago, made a most interesting 
discovery of a marine shell bed with small Producti, &c. It appears 
to be about 15 fathoms below the Burdiehouse Limestone, and doubt- 
less represents the Pumpherston Shell Bed, although, as at Carlops, 
the fauna is more purely marine than in the main Lothian shale area. 
There is no trace of the overlying Pumpherston Shales hereabouts, 
and indeed boring has proved their absence in this field. 

Dunnet Sandstone. — Between the Burdiehouse Limestone and the 
Dunnet Shale lies the " Grange Sandstone," the equivalent of the 
Dunnet Sandstone of the Lothians, which is well exposed in the 
Grange quarry, Burntisland, where it is 119 feet thick, the bottom 
not being visible. The Burdiehouse Limestone probably lies 20 feet 
below. The basal portion, about 70 feet thick, is an excellent " liver 
rock." It is a verypmre grepsh-white sandstone, which is extensively 
used in Fife, Dundee, Edinburgh, and Glasgow, for fine-dressed free- 
stone blocks. The beds of sandstone, measuring 27 feet in thickness, 
above the fine building stone, are only suitable for rubble work. The 
remaining portion of the quarry face, 22 feet, consists of limy sand- 
stones and fakes. 

Dunnet Shale. — The Dunnet Shale in the Binnend field lies 100 
feet above the Burdiehouse Limestone. Twenty years ago it was 
extensively mined by the late Burntisland Oil Company, and the 
following section has been drawn along the line of the longest mine : — 
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Fio. 22. — Section from Grangehill to Common, Burntisland. 
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The Shale varied in thickness from 4 to 7 feet, the bottona of the 
seam being curly and the top plain with two white ribs. The outcrop 
of this bed follows that of the Burdiehouse Limestone, and both are 
extensively affected by the north-east fault which runs through the 
mined field. The principal mine was situated on the west side of this 
dislocation, and it followed the shale for 2700 feet from the mine 
mouth. The seam dips to the N.N.W., the angle of inclination being 
at first 10°, but gradually increasing to' 18° at the face, which lay 900 
feet below the surface when operations were suspended. Two faults 
were crossed at distances from the mine mouth of 1075 and 2060 feet 
running nearly due east and west, with a downthrow to the south of 
60 and 51 feet respectively (Fig. 22). On the east side of the north- 
east fault the Shale lies on an anticline, a mine being driven along the 
ridge of this flexure to the north-east, with a branch in an E.N.E. 
direction. The best Shale was found at the bottom of this mine in the 
direction of Kinghorn Loch. 

On the west side of tliis field the seam deteriorated as it approached 
the volcanic neck of the Binn, east of which the Shale is exposed on 
the top of the Grange Sandstones, where it appears to be about 10 feet 
thick, but diminishing to the west, as proved by the air shaft section. 
Some years ago a quantity of shale was extracted from two trial pits 
on the Newbigging estate, and practically tested at Pumpherston, but 
the results of the tests, combined at that time with the want of direct 
railway communication with the Lothian oil refineries, led to no 
further steps being taken to develop this field. 

Binny Sandstone. — Above the Dunnet Shale at Binnend lies the 
representative of the Binny Sandstone, which forms a steep escarp- 
ment just above the old mine mouths, and was quarried and used in 
the construction of the oil works. Here it is a very inferior stone. 
On the west side of the Binn the same bed appears at the foot of Silver 
Barton Hill, above the Grange Sandstone Quarry. 

Fells Limestone. — At Binnend the Broxburn Shale is not repre- 
sented, but 210 feet above the Dunnet seam and close to Binnend farm- 
house there is an exposure of a yellow, ochreous, freshwater limestone 
about 4 feet thick, resembling the hmestone which accompanies the Fells 
Shale in the Lothians. This correlation is rendered still more probable 
by the position of the Houston Coal 100 feet above this limestone. 

Houston Coal. — Before the Burntisland Oil Company ceased opera- 
tions a cross-cut mine was driven into the shale above the Fells Lime- 
stone in search of the Broxburn Shale. In doing so they broke into 
the old workings of the Houston Coal, which was found to be an inferior 
seam, 13 inches thick, and full of iron p}Tites, with a blaes roof and 
pavement. This coal mine was regularly laid out " in stoop and room 
workings," but no record exists as to the period when it was worked. 
Immediately above the blaes roof of this coal we find the volcanic 
series of Burntisland, which can now be correlated with the inter- 
bedded lavas and tuffs of Bathgate and Linlithgow Hills to the west. 

19. Districts Bast and West of Inverkeithing. 

[No six-inch geological maps published.) 

On the north side of Inverkeithing Bay, immediately south of 
Seafield, the late Mr. Bennie, of the Geological Survey, discovered a 



Rosyth — Burdiehouae an4 Straiton Fields. 83 

shell bed full of marine fossils. The same horizon was subsequently 
found by Mr. D. Tait in the railway cutting a mile to the north-east. 
This last-named locality was thoroughly searched by Mr. Tait and 
Dr. Lee ; the rich fauna collected so exactly resembles that recently 
found below the Mungle Shale in the Cobbinshaw boring (see p- 19) 
that, having regard to the proved wide lateral extent of similar fossil 
bands, there can be little doubt that these two beds are one and the 
same. It is consequently inferred that the Broxburn and Dunnet 
Shale positions lie below, and judging from the general attenuation 
of the Oil-Shale Group in the northern shale-fields, especially at Burnt- 
island, thef-e seams may quite possibly lie within 100 fathoms below. 
The strata are arranged hereabouts in an anticlinal fold, pitching 
north, and the shales should be nearer the surface on the shore west of 
Donibristle Bay. 

The coarse volcanic agglomerate of St. David's may be a neck, or 
may represent the Burntisland ashes and lavas, which thin out rapidly 
to the south-west, eg that at Dalmeny they have practically disappeared. 

The whole shore section eastwards to Aberdour (where an oil-shale 
is reported lo outcrop in the harbour) requires re-mapping, and until 
that is done it is impossible to say definitely whether there is a prob- 
ability of a valuable shale-field in this district. In the meantime 
it may be said that the prospects are decidedly favourable. 

To the west, between Charlestown and Inverkeithing, there is a 
broad anticlinal fold, pitching north under the Carboniferous Limestone 
Series, and broken by many subsidiary flexures, exposed on the shore 
sections. The Admiralty operations now proceeding at Rosyth have 
led to the quite unexpected discovery that the Burdiehouse Limestone 
outcrops in the core of the anticline west of Rosyth Castle. A shaft 
section beyond low- water mark proved the following sequence : — 

SHAFT SECTION AT ROSYTH DOCKS. 

Boulder clay ..... 
Dark grey quartzose kingle in beds 
Soft, yellowish, marly Sandstone 
BrEDiEHOUSE Limestone, hard grey and massive, with 
glassy fracture .... 
Hard and soft blaes in beds ("reported by 

I Admiralty 
j engineers . 
Limestone . . . 1, . 

Sandstone and quartzose kingle with blaes 

partings ..... 10 

Borint^s in the vicinity record a few inches of shaly blaes above these 
strata, representing the Camps Shale. 

Above the limestone, 40 feet or more of soft, whitish freestone were 
seen in the dock excavations, the rock being much jointed ; this repre- 
sents the Grange Sandstone of Burntisland. Resting On the freestone 
was a hght grey, unfossiliferous limestone, 4 feet thick, and crowded 
with large dark cement concretions, of irregular mammillated form. 
These nodules are of all sizes, up to a foot in diameter, and they appear 
to be gigantic ooliths, being built up of fine concentric laminae, often 
centering around a flake of blaes or sandstone. 

Oolitic cements are common in the Dunnet Sandstone Group all 
over the shale-fields, but the grains are rarely larger than pin-heads. 
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The only bed yet known which is comparable with that at Rosyth, 
is at a higher level and was noticed in the Swineburn diamond bore 
between the Broxburn and Champfleurie Shales (p. 55). 

The south-westerly fault mapped through Rosyth must have a 
downthrow north of 300 fathoms or more, cutting out the greater 
part of the Upper Oil-Shale Group, as it brings down the base of the 
Lower Limestone Series against the Dunnet Sandstones. North of 
this fault, and inland towards Dunfermline, there must be a large 
concealed shale-field, but nothing is known as to the condition of the 
various seams. 

The quartz-dolerite of Inverkeithing lies in the centre of a syncline, 
which is a northern prolongation of the Queensferry Trough. The 
dolerite lies above the Mungle Shell Bed of Fordel and St. Davids, 
and must be faulted ofi from the Dunnet Sandstones seen further west 
round Rosyth Castle. The Castle stands on another quartz-dolerite 
sill, which is intruded about the Pumpherston position, and brought 
up in the centre of an anticline. This sill extends to the Du Craig, 
where recent excavations found it suddenly transgressing, for 20 feet 
or more, at right angles to the bedding planes of the sediments. 



20. Burdiehouse and Straiton Shale-fields. 

{Edinburgh, 4 S.W., 7 N.E., S.E., and 8 N.W.) 

All the shale-fields described in the previous sections are situated 
to the west or north of Edinburgh and the Pentland Hills, while those 
now to be considered lie to the east of this range and about four miles 
south of Edinburgh. 

The Burdiehouse and Straiton fields (including that of Clippens) 
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Fig. 23.— Section of Burdiehouse and Straiton Shale-field. 

lie about one mile to the north-west of Loanhead, and extend for 
about two miles N.N.E. and S.S.W., being bounded on the west by the 
Pentland Fault. 

The section (Fig. 23) illustrates the relations of the strata as far 
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as the area has been opened out. Along the western side the beds 
form a compound syneline, the western limb being inverted next to 
the Pentland Fault. This fold is a continuation southwards of that 
of Gilmerton. Immediately to the east they roll over the steep anti- 
cline of Straiton and plunge beneath the Carboniferous Limestone 
Series of the Mid-Lothian Basin. In the southern portion of the 
mined area, near Pentland Mains, the three seams are thrown into 
a sharp compound anticline, and after passing over this flexure the 
different outcrops, without any break, resume their former trend. 
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TABLE OF STRATA AT STRAITON. 
Paper Shale — 

Strata ..... 
Houston Coal — 

Strata .... 

Twenty-inch Coal — 

Strata ..... 
Fells Shale — 

Strata ..... 
Bkoxbukn Shals — 

Strata ..... 
lAm'fi'one ..... 

Strata ..... 
Limestone ..... 

Strata ..... 
Limestone ..... 

Strata ..... 
BiNNY Sandstone .... 

Strata .... 

DuNNBT Shale — 

Strata ..... 

BUBDIEHOUSB LiMESTONK — 

strata ..... 

? PUMPHEKSTON ShALB — 

Pumfherston Shales. — A diamond bore put down in the centre of 
the Straiton anticline proved three bands of thin oil-shale and shaly 
blaes, nearly 92 fathoms below the Burdiehouse Limestone, and appar- 
ently representing the Pumpherston Shales. 

Burdiehouse Limestone. — This limestone is about 30 feet thick, and 
has a dull grey or cream colour, some of the beds being well banded 
with layers of dark carbonaceous material, breaking with a glassy 
fracture. The Umestone and some of the overlying blaes contain 
abundant entomostraca, fish and plant remains. 

For over one hundred years the Umestone has been opened out by 
a series of quarries between Straiton and Burdiehouse Mains. To 
the south-west of Straiton its position has been proved by numerous 
bores, and to the south of Pentland Mains there are several old 
quarries. From this point to the west of Penicuik it cannot be 
traced, but it is possible that it extends to the south of the Glencorse 
Burn, for below Crawley Cottage cementstone bands are exposed in 
this stream. The bed is at present only wrought at two locaUties : 
at the Straiton Oil Works by a pit 50 fathoms deep, and at the 
opencast quarry to the east of Burdiehouse Mains by a mine 160 
fathoms in length. 

The workings along the north face of this mine have proved the 
position of an east and west fault, with 60 fathoms downthrow to 
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the north. The average dip in the quarries is 20° to 30°, and in the 
underground workings 47° to the South-east. 

The productive part of the Burdiehouse and Straiton Shale- 
fields lies to the east of the Straiton antichne. The worked 
portion of the field is intersected to the north by the dislocation 
which affects the limestone ; and it has not been mined further 
to the south than Niven's Knowe. The field was worked till recently 
by the Clippens Oil Co., and the proved ground extends for a distance 
of two miles, with an average breadth of 600 yards. It contains 
three workable seams, and the outcrops on this section lie parallel to 
that of the Burdiehouse Limestone. 

Dunnet Shale. — The Dunnet Shale is the chief oil-producer in this 
district. It was originally termed the " Pentland " Shale, is from 5J 
to 6 feet thick, and lies 166 feet above the Burdiehouse Limestone; 
It yields from 25 to 26 gallons of crude oil and from 20 to 23 lb. of 
sulphate of ammonia per ton of shale, and is rich in solid paraffin. 
As the bed overljring this seam is composed of soft friable blaes it 
cannot be so economically mined as one with a stronger roof. 

Broxburn Shale. — On the east side of the Straiton anticline the 
Dunnet seam is separated from the Broxburn Shale by 258 feet of 
strata. The details of the section of this Shale, as measured in the 
cross-cut mine, are shown below. Having a strong roof, it was more 
(iheaply worked than the Dunnet seam, and gave from 20 to 22 gallons 
of crude oil and 20 to 21 lb. of sulphate of ammonia per ton. 

Roof, blaes. 

Shale, brown ..... 
Blaes ..... 

Shale, poor ..... 
„ Bboxbtjbn 

Pavement, blaes. — — 

7 5 

Fells Shale. — ^The Fells Shale hes 137 feet above the Broxburn 
seam, and the section exposed in the cross-cut mine is given below. 

Feet. Inches. 
Blaes ....... 11 

Shale, Fells ...... 1 8 

Fakes ....... 8 10 

Although its average thickness is about two feet, and though the 
shale is difficult to cut, its extreme richness, j^elding as it does from 
34 to 35 gallons of crude oil and from 10 to 19 lb. of sulphate of 
ammonia per ton, makes this seam a profitable one for mining purposes. 

Houston Coal. — Two coals he above the Fells Shale, one twenty 
inches thick, and a seam that occurs on the horizon of the Houston 
Coal, with which, in all probabihty, it has been correctly correlated ; 
but as both these coals are thin and impure they have never been 
worked in this field. 

Pafer Shale. — Above the Houston Coal there is a thin, finely lamin- 
ated oil-shale, locally termed " Paper Shale," which has never been 
worked, and may be the equivalent of either the Mungle or Raeburn 
Shales of the west. 

In the syncline on the west side of the Straiton arch, between 
Broomhills and the Pentland Fault, a curly shale, four feet thick, 
was got in a trial pit and supposed to be the Dunnet seam. 



Feet. 


Inches. 





2 


3 








9 


3 


6 
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Fells Shale. — The strata in the Burdiehouse Biirn, neaj Broomhill 
farm, dip south-east at angles varying from 85° to 96°, and consist 
of black blaes with a bed of oil-shale thirty inches thick. At the 
side of this burn, below the farm, a mine has been driven for a short 
distance into tlie shale, which has been identified as the Fells. A 
quantity of it was tested at Pumpherston, but the results were nov 
satisfactory. 

Comparison of the Straiton and Broxburn Fields. — The cross-cut mine 
at Pentland gives a complete section from the Burdiehouse Limestone 
to the Fells Shale, as shown in the condensed table (p. 85) and 
horizontal section (Fig. 23). At Pentland the Binny Sandstone is 
represented by 65 feet of strata as compared with 300 feet at Brox- 
burn. For a time it was worked in a quarry at Straiton opposite the 
office of the Oil Company, but quarrying operations were abandoned, 
as the stone, after exposure to the weather, deteriorated on account 
of the crude oil, which it contained, oozing to the surface. Another 
marked difference in this eastern shale-field is the presence of the three 
limestones, with a total thickness of 41 feet, above the Binny Sand- 
stone, these not being represented in the Broxburn field. Another 
distinctive feature is the series of marls overlying the Broxburn Shales 
in the west, apparently represented by 137 feet of sandstones and 
blaes at Straiton with no marls. 

In this field the Dunnet Shale has been mined to a vertical depth 
of 1175 feet from the surface, where it was just as rich in oil and 
ammonia as when first opened out. In this respect it differs from the 
Linlithgowshire Shales, which, as a rule, depreciate downwards both 
in the yield and value of their products. (See p. 144.) 

At St. Catherine's Well, west of Gilmerton, petroleum has been 
observed floating on "the surface of the water, and the oil-shale series 
has been proved by bores and trial openings to exist in a narrow strip 
from Burdiehouse to the coast between the Edge Coals and the Pent- 
land Fault. The extension of the Straiton field to the south-west along- 
side the Pentland Fault is rendered probable, as oil-shales occur in the 
North Esk, near Carlops, and a seam about four feet thick has been 
proved in several bores near Rutherford. 

21. Carlops District. 

(No six-inch geological maps published.) 

Productive oil-shale measures probably extend all down the 
western edge of the Midlothian coal-field, but the strata are inchned 
at high angles (40°-80°). At the south-western end of the basin, 
however, near Carlops, they flatten out considerably, although the 
sequence here is in a remarkably attenuated form. (See PI. II.) 

The general succession is clearly seen in the North Esk section below 
Carlops Bridge, and again in the Nine Mile Burn, and is described in 
detail in the Geological Survey Memoir on " The Geology of the 
Neighbourhood of Edinburgh," 1910, pp. 171 to 174. There is one 
good oil-shale, 4 feet thick, apparently representing the Dunnet seam 
of Straiton, and others of inferior quahty. 

We owe to Mr. Macconochie the discovery of two important bands 
of marine fossils, which can now be correlated with the Pumpherston 
and Mungle Shell Beds, as well as a third fossil zone (the Abden Fish 
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Bed), and on these the reading of the succession largely depends. 
The extraordinary thinning out of the various strata, and the com- 
paratively poor condition of well-known shale positions, is no doubt 
due to the proximity of land to the south and south-west during the 
deposition of the sediments, as in the Cobbinshaw field. 

The following paragraphs, by L. W. Hinxman, are taken from the 
Memoir on " The Geology of the Neighborhood of Edinburgh," p. 174. 

" Recent boring operations in the ground between Carlops and 
West Linton, a short distance beyond the hmit of the present map, 
render it advisable to call attention to the further extension south- 
wards into the adjoining Sheet (24) of the Calciferous Sandstone strata 
found along the river Esk, in the section just referred to. 

" The position of the lower hmestones is fixed a short distance to 
the east of Rutherford, the lowest bed being well exposed in Whitefield 
Quarry. At a point on the Deep Syke, one-third of a mile below the 
Carlops road, and half a mile south by west of Rutherford Mains, a 
hard, sandy, light grey limestone, containing entomostraca, is exposed 
for some distance along the bed of the stream, the beds being almost 
horizontal. As this entomostracan limestone may be correlated with 
the band which lies 20 feet below the Burdiehouse Limestone in the 
Esk section referred to above, it was natural to expect the oil-shale 
seams of that section to occur in the ground between the outcrop of 
this entomostracan limestone and the marine limestones east of 
Rutherford. This expectation has been fully confirmed by bores 
recently put down. 

" Further reference may be made to a series of trial bores put 
down some years ago by the Clippens Oil Company in the ground 
immediately to the touthjcast of Whitefield, a mile west of Macbie 
Hill Station, and approximately half a mile west of the outcrop of the 
lowest of the Carboniferous hmestones. In two of these bores, an 
oil-shale, 4 feet in thiclcness, was proved at a depth of 8 fathoms. 

" The result of the trial borings did not at the time seem to warrant 
further operations, but the presence of oil-shale at this locahty, in 
what appears to be a similar stratigraphical position to that of the 
shales proved at Rutherford, is interesting as indicating the probable 
occurrence of workable oil-shale over a considerable area between 
Carlops and Macbie Hill." 

vii. A Remarkable Case op " Burning " in the Pumpherston 

Oil-Shales. 

It occasionally happens that a bore finds an oil-shale " burnt " 
and useless, while the strata give off a strong oily smell, although no 
igneous rock can be found in the vicinity. The cause of this destruc- 
tive distillation is not yet definitely known. 

The problem is of such interest that the facts of a typical case are 
here described, and an explanatory hypothesis suggested. 

In the Newyearfield boring (p. 35) the strata were quite normal 
until the top of the Pumpherston Shales was reached at 149 fathoms 
(the position of the Shales was fixed by means of the " fern bed," 
which is known to immediately underlie the lowest, or Wee Shale, 
in this region). From the top of the highest (or Jubilee) seam, down 
to the bottom of the bore, 47 fathoms below, all the strata reeked with 
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oil when iscraped or broken ; nevertheless there was no trace whatever 
of any igneous rock. Even at the bottom of the bore there was no 
evidence of the proximity of any dolerite, which is usually betrayed 
by the carbonisation of the plant remains, and of dark blaes which 
become hardened and covered with a graphitic glaze. 

The positions of oil-shales in this bore were marked by beds of 
tough, dark blue blaes, with a deep brown or blacki.sh streak, without 
any sign of curling when scraped or cut with a knife. 

There were nodules of pyrites in the Jubilee Shale position, and many 
of the plant remains were pyritised at several levels. Veins of fibrous 
gypsum were common both above and below the Shales. 

A high temperature is, so far as we know, a necessity to the pro- 
duction of oil from oil-shale.* Yet, as remarked previously, there was 
no sign of igneous rock in the boring, nor even after passing through 47 
fathoms of oil-soaked strata was there any reason to suspect that 
a dolerite sill lay below. 

It might be argued that the alteration was caused by a vertical 
dolerite dyke close by. This solution of the difficulty is a most 
unlikely one, because dykes are rare in the Lothian Shale-fields, and 
they only affect the strata for a few yards on either side ; in addition, 
a further boring, just completed, was put down half a mile to the 
north-west, and was attended by the same result as at Newyearfield. 

If the assumption is correct that high temperature led to the 
distillation of the Shales, then apparently the heat came from some 
other agency than igneous intrusions. 

The issue is narrowed down when it is remembered that the oily 
■smell ceases immediately above the top of the Jubilee Shale position. 
This fact renders it probable that the production of the oil was con- 
temporaneous with the deposition of the Shales, when no covering 
deposits had been laid down ; otherwise it is difiicult to see why the 
oil should not have permeated the strata for some distance at least 
above the Shales, considering that nearly 50 fathoms of beds below 
are thus affected. 

At the present time cases are known in which bituminous shales, 
rich in iron-pyrites, are, under certain special conditions, liable to 
spontaneous combustion. In this connection the following para- 
graphs are quoted from " The Geology of the Country near Sidmouth 
and Lyme Regis " (Mem. Geol. Surv. Enjland and Wales, 1911) : — • 

" The Lower Lias Shales of Black Ven are more or less impregnated 
with iron-pyrites. . . . The presence of so much pyrites in the cliffs 
occasionally leads to ' spontaneous combustion." In August 1751, 
after very hot weather, followed by sudden rains, the Lias cliffs near 
Charmouth (probably Black Ven) began to smoke, and at times 
to burn with a .visible flame. Some of the shales at this locality are 
highly bituminous. 

" On the 19th Januarv 1908 . . . smoke was seen to issue from a 
mound of Lias shale and clay on the cliffs about half a mile north-east 

* Mr. Steuart mentions a case (p. 167) where oil seems to have been produced 
by the interaction of sea-water and peat. An analogous case has never been 
proved for oil-shale, nor is there any evidence that sea- water ever came in contact 
with the Pumpherston or otlior of the Lothian Oil-Shales : the marine shell- 
bed lies some distance below, and in the great majority of cases the shales are 
in perfectly good condition above. 
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of St. Michael's Chuich. The mound was a portion of a mass of Lias 
clay and shale that had some time previously slipped from the higher 
cliSs, and the ' eruption ' was due, as in the former case, to the de- 
composition of iron-pyrites and the consequent production of 
sufficient heat to ignite portions of the bituminous shales." 

This may be the explanation of the " bujrnt shale " in the New- 
yearfield boring, since the distillation of the Shales seems to have been 
contemporaneous with, and not subsequent to, their deposition. That 
the requisite conditions may quite well have been present is shown 
by the following facts : — 

(1) All the Scottish Oil-Shale strata show abundant evidence of 
deposition under mudflat conditions. In the boring itself small 
suncracks were observed in the blaes immediately under the Purnpher- 
ston Shales, and in the middle of the latter there were two bands of 
" desiccation breccia," * one being 5 feet thick. 

(2) Pyrites dust can still be seen in most of the blaes beds below 
the shales, and is particularly common in the sheU-bed. As will be 
shown imm.ediately, many of the tuff bands between the shales and 
the shell-bed may once have been rich in pyrites, now decomposed. 

The products of the decomposition of the pyrites would be (a) 
calcium sulphate or gypsum ; (6) aluminium and iron sulphate ; and (c) 
iron oxides. The first two would be carried away subsequently by 
percolating waters ; gypsum veins are common at many parts of the 
boring, but particularly so in the blaes above the shales. Alum has 
not been noticed ; it is so readily soluble in water that it could not be 
expected to be retained in veins or bands, but would be quickly dis- 
seminated through the strata. The iron oxides have now to be 
accounted for. It is suggested that they are represented in the bands 
of " hard white and grey marl with stripes of coarse volcanic ash," 
lying above the shell-bed. These marls are for the most part in bands, 
^ to 3 inches thick, interbedded with dark blaes. One bed was 4 
feet thick : it was composed throughout of very fine-grained, whitish- 
grey marl, rich in iron and mixed with innumerable little flakes and 
chips of blaes. 

The " marls " seem in this case to have been fine volcanic tuffs ; 
certainly they often have a layer of broken felspar crystals, shading 
upwards into finer material. In some parts of the shale-fields {e.g. 
the Barracks Ash at Queensferry) these tuffs are yellow and contain 
abundance of pyrites dust. At Newyearfield, apparently, the tuffs 
contained in addition abundant fragments of bituminous shales and 
were also interbedded with similar material — an ideal basis for " spon- 
taneous combustion." 

The suggested cycle of events was therefore as follows : — ■ 

The deposition of the Pumpherston Shales took place on a mud-flat 
or in a lagoon, which was locally exposed to desiccating agencies for a 
short period. Underneath the Shales there happened to be several 
feet of pyritous tuff, mixed and interbedded with bituminous matter. 
Moisture acting on the desiccated mass occasioned the oxidation of the 
pyrites, and the heat thereby generated, although not so extreme as 

* i.e. a bed of angular fragments of purely local origin, formed by the drying 
up and consequent flaking of a mud-flat, the fragments being subsequently spread 
out and mixed by flooding. The term is based on J. E. Hyde's " desiccation 
conglomerates." See Amer. Jo-urn. Sci., vol. xxv. 1908, p. 400. 
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in the Lyme Regis case above quoted, so that no actual com- 
bustion took place, was sufficiently great to discharge the oil 
from the soft and uncompacted oil-shales above and below. The 
ferric oxide produced subsequently reverted to the ferrous state, 
and now forms a large part of the " hard white and grey marls with 
stripes of coarse volcanic ash " ; the gypsum was distributed long 
afterwards by underground water, and deposited in veins and string,-, 
in the surrounding strata.* 

viii. On the Proving of Oil-Shale Strata. 

In the foregoing pages frequent reference has been made to areas 
where fresh shale seams may reasonably be expected at a moderate 
depth. Some additional notes are here given on broader questions 
dealing with this matter, and with the use of diamond bores in par- 
ticular. 

It is scarcely necessary to say that the Scottish oil-shales are not 
only liable to destruction by intrusive igneous rocks, but also to 
abrupt lateral variation, both as to the shales themselves and the 
intervening strata. In these circumstances it is obviously impossible 
to predict definitely that workable seams will be found in any given 
area, as can often be done in the case of coal seams ; with oil-shales, 
actual boring can alone decide such a question. 

It is the province of the geologist to suggest sites for exploration, 
to give, if possible, the approximate depth of a shale position, or to 
help in deciding as to the advisability of further boring. In these 
respects, the Geological Survey should be of material assistance to 
the mining engineer. 

Boring for Shale. — ^The two methods of boring now in use in Scot- 
land — by chisel, or with a diamond or chilled shot crown — are discussed 
later on in the mining section of this memoir (p. 96). To a geologist 
the latter method is infinitely preferable, since by that means cores of 
the strata passed through are available, whereas with the chisel bore 
rock samples can only be obtained in a comminuted state, and fossils 
are entirely wanting. 

By either system much the same terminology is used in recording 
the strata passed through, but borers rarely notice the angle of in- 
clination of the beds — a detail provided by the diamond bore, and 
which is frequently of great value. 

The acid used in testing samples is usually too strong, and one 
constantly meets with beds recorded as " limestones," which are 
only limy cements or sandstones ; it would be more convenient to 
restrict the term to thoroughly calcareous strata of the Burdiehouse 
type. Taken in this sense, limestones are not very common in the 

* Cases of actual combustion have been described where bushfires, Ughtning, 
&o., have ignited shales already rich in petroleum, and full of cracks admitting 
air ; the burning started at the surface and worked downwards to a thousand 
feet or more. At Newyearfield, however, we are dealing with the distillation, 
under cover, of an oil shale which is certainly not rich enough to bum by itself 
except in thin splinters in the open air. The shale fragments in the tuff are still 
black, as they are when thrown out of a modem retort, for spent shale is only 
reddened after long exposure to the atmosphere. 

See Arnold and Anderson, " Metanibrphisiii of Oil-Bearing Shale," Jdiirn. 
6eol., vol. XV. 1907 p. 750. 
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shale-measures, and make useful horizons for the purposes of correla- 
tion. In writing this paragraph, we have in mind a case where 15 
" limestones " were entered in the journal of a bore which, as 
recorded, was unreadable ; an examination of the cores showed that, 
with two minor exceptions, only one was a true lirnestone, and it 
afforded an invaluable " mark " in reading the sequence proved. 

In another instance, a fifteen-foot hmestone was missed altogether, 
and although subsequently noticed, the cores were by that time so 
disturbed that its exact position could not be fixed. The shales 
found in this bore were well known, but if in addition the depth of 
the limestone could have been determined, it would have been possible 
to say whether or not there was a large fault in the vicinity of the 
bore — a point which still remains in doubt. On the other hand, it is 
only right to say that on another occasion a borer recorded " hmestone 
showing encrinites " in his journal ; his observation was perfectly 
correct, and was of great value, for these strata are excellent 
" marks," although extremely rare in the shale-measures. 

It is at all times desirable that cores should be kept for reference. 
As an instance, the preservation of the cores of the Duddingston 
borings gave us the data on which to correlate the Pumpherston 
Shales in the Lothians, for the Shell Bed is so inconspicuous on the 
coast section that otherwise it would probably have been missed, 
and the proving of this horizon in the Newyearfield bore, near 
Pumpherston, would have lacked confirmation elsewhere. Much 
interesting information was also provided by No. 418 bore, at Philps- 
toun, while No. 2 bore, Craigs, amongst other facts, confirmed the 
separation of the Barracks and Burdiehouse Limestones — both being 
cases where the cores had been laid aside in boxes. The Duddingston, 
Philpstoun and Craigs bores also largely helped to demonstrate that 
the Barracks Ash was a good " mark " or index horizon. 

It is almost impossible to say when a bore may not be of value. 
A new " mark " at all times requires ample confirmation before it 
can be satisfactorily estabhshed as a datum line. Even when the strata 
are thought to be well known, some new point may often be noticed. 
For instance, the South Cobbinshaw boring, which determined the 
position of the Mungle Shell Bed, was put down simply to prove the 
condition of a shale whose depth was well known : the data obtained 
in this case affected an area 18 miles away, in which the horizon of 
the strata was entirely doubtful, and which we now know may possibly 
contain a valuable shale-field. 

Use of Fossils. — Although palseontological evidence has been 
emphasised in this memoir, one does not want to give the impression 
that all fossils are of equal value to the explorer. They are, however, 
always worth recording, because, as will be shown immediately, the 
distribution of many forms is as yet imperfectly known, and in these 
cases some may eventually prove of value. 

Fossils may be classified under three headings, according to their 
present degree of usefulness — 

1. Fishes, plants, entomostraca, gasteropods, such as Platyostor 
mella, &c. 

2. Non-marine lamelhbranchs or " mussels." 

3. Marine shells (Orthoceras, Goniatites, &c.). 

As regards the first group, whole fishes are so rarely met with in 
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cores, or for that matter in field sections also, that their full value 
has not yet been ascertained. Along with the plants, they may, 
however, be of use as local guides {e.g., the "fish bed " in the Pum- 
pherston Curly Shale, and the " fern bed " under the Wee Shale, at 
Drumshoreland and Pumpherston). The entomostraca range through- 
out the Oil-Shale Group, and are also of very hnaited value, as far as 
our present knowledge goes. 

The second group, that of the non-marine lamelUbranchs (Mya- 
Una, &c.) are common in the basal part of the Oil-Shale Group but 
are very rare above the Pumpherston position. They are very fitful 
and sporadic in their distribution, but have a certain value (see the 
discussion concerning the Dalmahoy Shale, p. 79) ; the same remark 
applies to Lingula shells and to the " shrimps." 

The last group, comprising the marine fossils, is in striking con- 
trast to the preceding. To the geologist, they are quite as reliable 
a guide as well-known lithological horizons like the Burdiehouse 
Limestone or the Houston Coal and Marls. Confirmation of -this 
view is afforded by the behaviour of similar horizons in the Possil 
or Edge Coal Group of the Carboniferous Limestone Series ; in 
these strata two marine shell-bands have been noticed in the Glasgow 
district, and traced continuously round the south side of the Lanark- 
shire coal-field to Wilsontown — a distance of 40 miles.* 

At the same time one does not wish to press this matter unduly. 
Within the Lower Limestone Series these bands are not so constant; 
and accordingly in the topmost members of the Oil-Shale Group, 
between the Raeburn Shale and the Cobbinshaw Limestone, where 
the strata merge into the Lower Limestone Group above, it may be 
that in the future other shell beds will be discovered that are less 
widespread than the Mungle and Pumpherston horizons. But it 
can be asserted with some confidence that the two last-named beds 
range throughout the shale-fields, are easily recognisable, and that 
no similar horizon is found in the intervening strata, f 

These shell-beds also occur in the basal members of the Oil-Shale 
Group, but they probably lie a long way below the Pumpherston 
position. (See p. 6.) 

A list of fossils from the Mungle and Pumpherston Shell Beds, as 
determined up to the present, is appended. 

* Others have been traced for very long distances in the Upper Coal-Measures 
of Scotland (see J. Smith and C. T. Clough, Sum. Prog. Geol. Survey for 1907, 
p. 127, &c.). 

Marine bands have also proved of great value in the EngHsh coal-fields (see, 
for example, Walcot Gibson and others in " The North Staffordshire Coal-field " 
(Mem. Geol. Survey), 1905, and J. Stobbs, Quart. Journ. Oeol. Soc, 1905, vol. 
lxi.,p. 495). 

t One exception to this last statement must be made. A bore at Livingston 
in November 1H12, passed through a marine shell-bed, three inches thick, between 
the Main and Under Dunnet Shales. This band has not been noticed elsewhere 
in the Shale-fields, although it may be represented by the Lingula bed found about 
this position at Cobbinshaw (p. 18). Tliis Dunnet Shell Bed would, therefore, 
seem to be a purely local one, and in any case the characters, both of the asso- 
ciated sediments and of the fossils, are quite sufficient to distinguish this band 
from those found under the Mungle and Pumpherston Shales. As regards 
the fossils, crushed fragments of an undetermined Goniatite are common, along 
with an occasional small Orthoceras, and an abundance of the small lamellibranch 
Actinnpteria fluetuosa, which has not yet been recorded from the other two 
Shell Beds, although common enough in the overlying Lower Limestone Series. 
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FOSSILS FROM MUNGLE SHELL BED 
South Cobbinshaw Bore — 



Enorinite stems. 

Prodtictus cf. longispinus, J. Sow. 

(The above from a half-inch rib 

centre of bed). 
Sanguinolites variahilia, M'Coy. 
Edmondia sp. 
Aviculopecten sp. 
Posidonomya becheri, Bronn. 



Ptychomphalina aff. atomaria, Phill. 
Bucanopsis sp. nov. 
(?) Olyphioceras truncatum, Phill. 
(Y) Olyphioceras micronotum, Phill. 
Stroboceras sp. (?) 
Orthoceras gesneri. Mart. 
Entomostraca. 

[Also a few other species not yet 
determined.] 
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Edmondia cf. scalaris, M'Coy. 
Sanguinolites cf. V-scrijjtus, Hind. 
Sanguinolites variabilis, M'Coy. 
Cypricarddla sp. nov. 
Oardiomorpha sp. nov. 
Posidonomga cf. becheri Bronn. 
Ptychomphalina aff. atomaria, Phill. 

[Same as in Cobbinshaw bore.] 
MacrorJicilina rectilinea, Phill. 
Bucanopsis sp. nov. [Same as in 

Cobbinshaw bore.] 
Euphemu.'s urei, Flem. 



Tropidocyclus cf. duchasldi, L'Eveille. 
Actiyioceras sowerbyi, M'Coy. 
Orthoceras cylindraceum, Flem. 
Orthoceras sulcatum, Flem. 
Goelonautilus planoiergatv.s, M'Coy. 
Stroboceras sulcatum (?), J. de C. Sow. 
Goloceras coyanum, d'Orb. 
Dimorphoceras gilbertsoni, Phill. 
Olyphioceras truncatum, PhiU. 
Olyphioceras micronotum, Phill. 
Olyphioceras subtruncaium, Foord. 
Entomostraca. 



PUMPHERSTON SHELL BED. 



Coast Section. 

Orthoceras cf. cylindraceum, Flem, 
Paeudamusium sp. 
Aviculopecten subconoideus, Eth. 
Euphemus urei, Flem. 
Goniatite, 
Entomostraca. 

DUDDINQSTOK BORISGS. 

Orthoceras sp. 
Pseudamusium sp. 



Naiadites sp. 
Entomostraca. 



Newyearfield Bore, Li\T[i<rGSTON 
(No. 25). 

Orthoceras sp. 
Pseudamusium sp. 
Goniatite. 
Entomostraca. 

Tenlliocaris sp. (from " shrimp " bed 
below marine band). 



Conclusion. 

The great majority of the new points noticed in the geological 
portion of this memoir could not have been made without the gener- 
ous co-operation of the companies concerned, especially with regard 
to the examination of diamond bores. It is hoped that their pre- 
sentation i]i the foregoing pages may show that use can be made of 
data provided in this manner, which is of value to the community in 
general, without necessarily divulging the nature or value of the 
minerals in recently proved ground. 



PART II. 
METHODS OF WORKING THE OIL-SHALES. 

i. Search for Shale. 

By a careful examination of rock exposures, and notably in the beds 
of rivers, sides of ravines, quarries, and railway cuttings, indications 
may be found which point to the existence of a seam of shale ; or the 
shale may be seen cropping out with shaly blaes interposed, and 
having an inclination ranging from horizontal to perpendicular. 

Having taken the inclination of the strata, the next step in the 
search for shale is to sink bore holes to the seam and obtain sample 
cuttings, whereby the depth of the seam from the surface is ascer- 
tained, and its thickness and quality at these particular spots. In 
the progress of the bore, however, wants, faults, slips or troubles 
may be encountered, and if these are present in the field and are 
not shown by the bores, all calculations as to the position of the 
shale will be upset. Heavy expenditure has often been needlessly 
incurred through insufficient boring. 

The bore holes should be put down in a straight line to the dip 
of the strata or at right angles to the " strike," and placed at a 
reasonable distance from each other. To trace the outcrop of the 
seam and ascertain its range^ of extension, a series of shallow bores 
is put down, and here again one may be misled by finding the shale 
to dip in the contrary direction to that expected. Should the strata 
be disturbed, either by faulting or by folding, the closer the bores 
are to each other the more trustworthy will be the information in 
regard to the position, dip, &c., of the shale. This also applies to 
highly incUned strata, as the bore may be placed beyond the outcrop, 
and so miss the shale altogether. 

A study of the following sketches (Fig. 24) will show how easy 
it is to be led astray by evidence from bores, as two of them do 
not strike the shale at all, while others either pass into it too soon 
or meet it at an unexpected angle. When any indication of irregu- 
larity is shown, it is advisable to put down two or three bore holes 
not far from each other. 

A difficulty which presents itself to the borer is the distinction 
between shale and blaes. They are closely associated, and in the 
early days of the industry it was not uncommon for a borer to allow 
his chisel to pass through a seam of shale and record it as blaes in 
his journal ; but, fortunately, this is now of rare occurrence. Simi- 
larly, we find seams of blaes recorded as shale in old journals of bores. 
Borers can tell when they strike shale or blaes by the difierence in 
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the resistance offered to the chisel, and the rebound of the rods, both 
indications being quite perceptible to experienced men. The per- 
cussive method of hand boring is 
usually carried out in the shale dis- 
trict, the plant consisting of headgear, 
rods, chisel, &c. ; but of recent years 
the diamond bore has been extensively 
used, and from its revolving action, by 
means of a steam-engine, a solid core 
is obtained which readily shows the 
character and inchnation of the strata 
passed through. 

A " hand rig " diamond boring 
machine which can bore either horizon- 
tally or vertically has recently been at 
work in the shale district, and is giving 
highly satisfactory results. It is cap- 
able of boring to a vertical depth of 
100 fathoms, produces cores up to %^ 
inches in diameter, and, besides gi%'ing 
the core, does the work in half the time, 
for the same cost as by the percussive 
method. Its portabihty is a favourable 
feature, and unless for very deep bores 
it will probably supersede the steam- 
driven diamond rig, which necessitates 
a heavier plant, and consequently more 
expense in shifting from place to 
place. 

Cost of Boring. — (a) Percussive Bor- 
ing. — The prices ruling in the shale 
district are from 4s. 6d. to 5s. 6d. per 
fathom for- the first five fathoms, 9s. 
per fathom for the second five fathoms, 
and so on, increasing by 4s. 6d. per 
fathom on the completion of every five 
fathoms. 

(6) Rotary Boring. — The cost of this 
system is about the same as that of 
percussive boring. 

When a seam of shale has been 
found by boring operations, and the 
exact position and depth of outcrop 
determined, it is necessary, before 
sinking a mine, to put down a trial 
shaft for the purpose of making sure 
as to the true gradient at which the 
shale is lying, and the thickness and 
quality of the seam. 

Kg. 25 shows a trial shaft sunk 
to a seam of shale, with a level cross-cut driven to another seam in 
close proximity. A hand windlass is used to raise the material which 
is filled into buckets suspended by hemp, or small flexible wire ropes 
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After sinking to the seam, the custom is to extract from 50 to 100 
tons for the purpose of testing the quaUty of the shale, and if the test 
gives a favourable result the mine is opened out as hereafter described. 



^rnife,. 




Fig. 25.— Trial Shaft, with a Level Cross-cut. 



ii. Mode of Access. 

The mode of access to the seams of the Pumpherston Shales is 
shown in Fig. 26. There are five seams, dipping from 29° to 38°, 
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Pig. 26. — Mine driven in Oil-shale, at Pumpherston, with Level Cross-outs. 




Fm. 27. — ^Mine driven in folded Oil-shale Steata, Drumshoreland Basin. 

and the mine is driven in the middle seam — No. 3 — and continued 
in that seam. The other seams are entered by level cross-cut mines 
driven from one to another, as shown, and each is worked separately, 
the cross-cuts serving for purposes of ooHHnumcation and transit. 
6* 
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Ventilation is effected by a fan placed at the top of a shallow pit 
sunk to one of the seams. Fig. 27 shows thjee seams of shale, worked 
by the Pumpherston Oil Company in the Drumshoreland Basin, 
cropping out at the surface in a vertical position and gradually taking 
a synclinal form, one side being vertical, the other rising towards 
the outcrop at an inclination of 24°. These are entered by a mine 
driven in the metals at an inclination so as to reach the bottom of 
the fold, the mine passing through the several seams, which are 
entered by breaking levels away at suitable intervals. 

At the other side of the basin these seams are entered by level 
cross-cut mines, and are " won out " by driving headings to the out- 
crop, the shale being lowered by self-acting inclines, thence taken 
by pony haulage to the inclined shaft. Two pits, one on each side 
of the mine, are sunk to Nos. 2 and 3 seams to give ventilation, and 
stone headings connecting the bottom of these with the workings 
are used as airways. 

Another series of oil-shales in the same basin, known as the Mid- 




FiG. 28.— Vertical Shaft sunk in Oil-shales, Mid-Calder. 
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Calder Shales, is shown in Fig. 28, in which there are nine seams, 
ranging in thickness from 18 inches to 9^ feet, and the mode of access 
is by a vertical shaft, that now passes through them all, but was 
originally sunk to the higher seams and continued to the others at 
later periods. For a short distance from both sides of the shaft 
the seams are flat, then gradually dip as shown in section (Fig. 28). 

The inclination in these workings is very irregular, varying from 
28° to nearly flat, and the section given is probably the best that 
can be obtained. The shale is taken from the dip workings by main 
rope haulage. No. 5 was the first seam to be worked, those above 
it being entered bv cross-cuts ofi the level portion of that seam. 
(Fig. 28.) ' I 

iii. Mine Driving. 

Having at length chosen the most suitable site for entering the 
field and obtaining the shale, operations are begun by removing 
the soil, which is dug out to the required depth and gradient. Brick 
walls are then btiilt on both sides, with an inclination corresponding 
to the floor of the excavation, and are spanned by a brick arch which 
covers the whole, giving it the appearance of an inclined tunnel. 

The entrance of the mine being now formed, sinking to or in the 
seam is begun. The usual dimensions of a mine, or inclined shaft, 
are : — width, 10 to 12 feet, and height, 6 to 8 feet. Should the sides 
and roof prove to be of a soft nature, as is generally the case with 
shale at the crop, the brick walls are continued downwards until 
harder strata are reached, larch crowns, placed close to each other, 
being stretched from wall to wall to support the roof. But where 
the shale is hard and the roof good, side walUng is not necessary, and 
a less costly method of timbering is adopted. In mine driving it is 
the usual practice to leave a portion of the seam on the roof, and, 
in such oases, larch crowns fixed at places according to discretion 
are sufficient to maintain it. Given a fairly good roof, free from 
fissures or cracks, the distance between the crowns may be from 
2 to 3 feet. Both sides of the mine are " needled " to a depth of 
6 inches to receive the crowns, but whatever system is adopted the 
timbering is continued with the sinking of the mine. 

" Centre-propping " is adopted in some mines. It divides the 
mine into two unequal parts, and gives better support to the roof. 
The smaller division has a width of 3 feet 6 inches, and can be used 
for haulage ropes and water-pipes, while the larger is for the winding. 
The centre props are of fir, set every 3 to 4 feet, and fixed to runners 
which have been placed against the crowns in a longitudinal direction, 
care being taken to have the props in such a position that they may 
not be thrust out when the superincumbent weight rests on them. 
Fig. 29 shows the method of timbering the roof and of centre-propping. 

As the driving of the mine proceeds, provision will require to be 
made for another outlet, which is obtained by driving a level in the 
shale, at a safe distance from the surface, for about 80 feet. A head- 
ing is then formed in the same direction as the mine, and driven to 
the surface, where a brick-walled exit may also be erected. In- 
stead of driving the outlet to the surface a vertical shaft may be 
sunk to meet the heading. 

During the progress of sinking, levels are broken away in the 
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seam at regular distances and driven so as to get commtinication 
with, and drive headings to form, the outlet mine. The headings 
are driven in the same direction as the sinking mine, to the levels 




above, until they connect witk the outlet mine or shaft, the jAocees 
being commonly termed " turning the stoops." The outlet toine 
is then used for winding the sha;le ; the other is kept for sinking 
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purposes, and is now known as the sinking mine, thus winding and 
sinking can go on simultaneously. Should a large daily output of 
shale be required, sinking operations may be continued until a depth 
has been reached sufficient to meet the demand for some years, and 
winding can then be carried on regularly at both inclines. 

The driving of a highly incUned mine is more difficult than driving 
a level or upset, this being chiefly due to the awkward position in 
which the men have to work. The tools used and the method of 
excavating the shale by gunpowder are the same in both cases. 

Ventilation is at first effected by air-pipes, fixed on the sides of 
the mine from sinking-face to surface, where they are connected to 
a small temporary fan driven by steam. When the outlet shaft has 
been made, and natural ventilation takes place, the temporary fan is 
discarded, the air being directed in its passage by means of bratticing 
so as to travel round the sinking-face. Steam-pipes which are led down 
to the sinking-pump help the ventilation ; but these are considered 
only temporary expedients until the permanent fan has been erected. 

The hutches containing the shale are either hauled direct to the 
surface or conveyed there by sinking-carriage. This carriage is used 
where the seam is lying at a steep angle, and is preferable to hutches 
on account of the greater safety to the men working at the face, as it 
is seldom derailed, and the danger of accident by pieces of shale falling 
from the hutches and running down the incline is almost entirely 
prevented. The carriage has two decks, the higher or top one being 
for the hutch, and the lower serving as a platform on which to throw 
the shale for filUng the hutch. 

During sinking, the water is taken away from the face by pumps, 
various types and designs of which are used. A small "sinking" 
pump, which can be moved forward and connected easily as the 
sinking proceeds, is used at the face, and when it has reached the 
distance — i.e. vertical height — at which it can throw water to the 
surface, a lodgment or " sump " is formed in the side of the mine. 
The sinking-pump now delivers into the lodgment, and another pump 
is put down at that point to deliver the water at the surface. This is 
repeated as the mine proceeds, the water being delivered at the 
surface in lifts or stages. 

iv. Level Driving. 

Level driving is carried on by hand labour with the aid of the 
hand-boring machine. It is important that the level course be main- 
tained, as, if neglected, it will probably mean the curtailment of the 
size of the pillars or stoops caused by the convergence of the levels. 
When such a contingency arises, bearings are taken so that the con- 
vergence may be avoided ; but in some cases irregularities appear in 
the seam which would eventually run one level into another, and one 
has to be stopped so that the stoop may be left the requisite size. 

Before beginning to drive a level, the miner makes an examination 
of the " face " and decides on the portion of the seam hkely to make 
the best holing-bed, ofi which to blow the shale freely ; but he will 
be guided as to the best position in which to place the holes when he 
has seen the effect of a few shots, the natural planes of division and. 
joints being noted so as to obtain from them the greatest possible 
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advantage. The number, depth, and direction of the holes depend 
upon the condition of the bed and the skill of the miner. 

In Figs. 30, 31, 32, 33 the holing is shown about eighteen inches 
from the pavement. Here a series of holes, usually four or five in 
number, termed "holing" or "Yankee" holes, are bored at intervals 
across the width of the place. The seam is worked in lifts or stages. 

Owing to the character of the shale smooth beds are often met 
with, and when these are " jointed " the shots do not have the same 
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Fia. 30. — Pace of Level, showing 
the various kinds of Holes. 1 



Fig. 31. — Longitudinal Section through 
Holes. 



effect and more are required to do the work. The series of holers are 
bored 3J feet deep, with sufficient dip to reach the bed off which the 
shale is to be blown. In the plan of " holers " (Fig. 32) holes No. 1 
and 2 are inchned towards each other, and one of these, receiving a 
heavier charge than the other, is termed a " burster." 

After the holing shots have been fired two holes are bored, one in 
each corner of the place, to bring down the next lift of the seam. 





Fig. 32.— Plan of " Holers." 



Fio. 33.— Plan of " Brairders.'^ 



These shots, known as " brairders," are drilled about 2 feet from the 
sides of the level and are driven about 2 feet deep, with sufficient angle 
to reach within twelve inches of the sides. When they have been 
fired, another series of " holers " and " brairders " are carried through 
until a depth of about 5 feet is reached. An excavation about 5 
feet in depth by 3 in height having now been made, attention is 
turned towards removing the 5 feet of shale still remaining on the 
top. It is found necessary, however, to remove it in two lifts, the 
resistance being too gi-eat to permit of it being done in one operation. 
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If there is too much resistance the hole will act like a cannon, blowing 
out the stemming and producing what is known as a " blown-out " 
shot. Shots of this kind are of no service, and care ought to be taken 
to prevent loss of explosives through such a cause. 

The five feet portion is divided, and two shots, known as " mids," 
are placed in nearly the same direction as the " brairders," but instead 
of both holes being inclined towards the sides, only one is in that 
position, the other being put in straight. These holes are drilled 
3J feet deep, both being placed about 2 feet from the sides of the level. 
The last or top portion of the shale to be removed — 2-^ feet high — 
is technically termed " tops," and also requires two shots to remove 
it, placed in practically the same position and direction as the " mids." 

The quantity of gunpowder used in each of the various holes, drilled 
in level driving, averages — 

Holers, " Burster " . . . . 2 to 2^ lb. 

„ "Ordinary" . . . ij „ 

Brairders . . . . . . IJ » 

Mids and Tops . . . . . 2 „ 

In the series of hohng shots, the " burster " is freed and its effect 
noted before the ordinary holers are bored, the work done by the 
former guiding the miner as to the number and position of the latter ; 
but as shale seams requiring to be wholly blasted are not all ahke, the 
number of holes and quantity of gunpowder to be used must depend 
upon the prevailing conditions. 

Holes are bored by the barrel boring machine. A pit-prop, 
generally known as a boring-tree, is fixed in position by " stamping " 
a hole in the bench and roof, and to this prop the machine is fixed at 
the barrel-end by a pointed piece of iron, which is sunk into the prop 
by two or three turns of the barrel. The other end is supported by 
the drill. 

Boring is now started by a backward and forward movement of 
the ratchet handle, and is continued until the screw is extended to 
its full length, when the barrel is unscrewed by hand and the drill 
taken out and a longer one put in its place. This process is repeated 
until the hole has been bored to the required depth. 

Of recent date electric- driven drills for boring the shot holes, by 
John Davis & Son (Derby) Ltd., have been introduced in oil-shale 
mines where the prevailing circumstances have proved suitable for 
their adoption. In oil-shale mines of an easy gradient the drill is 
very successfully worked, as it can be readily moved from place to 
place ; consequently in such mines it is of considerably more benefit 
than in those where the shales he at a steep angle. The drill is of the 
rotary pattern, and is driven by a 3 h.p. continuous current motor, of 
the 4 pole series-wound type, with two field coils. The drills, m 
addition to being driven by continuous current motors, are made with 
3-phase alternating current motors. The armature spindle is hollow, 
the drill feed screw passing through it, and by this means a well 
balanced drill is provided. The drill is shown in Fig. 34, and arranged 
so as to permit of holes being bored at any angle. It can be fitted 
with various feeds, according to the character of the mineral to be 
dealt with, both as to speed of rotation and rate of progression, but 
the feed found to be most suitable in the oil-shale mines is 106 K.P.M. 
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and six threads per inch, giving a forward feed of ] 7 feet 9 inches per 

minute. t a 

The supporting frame, which is jammed between the root and 
pavement by means of a strong screw, is constructed of two " channel " 
bars with cast-steel top and bottom yokes. The inachine is sub- 
stantially constructed, and its weight, including a continuous or alter- 
nating motor is somewhat under 300 lb. 

The drilhng of the holes is generally performed on back-shift 
commencing at 3 o'clocl-: and terminating at 10 o'clock. In one mine, 
belonging to Messrs. Young's Paraffin Light and Mineral Oil Co., Ltd., 
there "are three machines at work, and each is operated by two men 
and a boy. On an average 75 holes — measuring 3 feet in depth and 




FiQ. 34.— Electric Drill. 

2J inches diameter — are drilled per shift. The writer, when visiting 
the mine, saw 8 holes bored in 17 minutes, but this time included the 
removal of the machine from one place to another. The actual time 
taken to bore a 3-foot hole 2J inches diameter is 1 minute 30 seconds. 

For the purpose of conveying the drilhng machine from place to 
place, a hght truck mounted on wheels suited to the gauge of the hutch 
railway is used. 

Following the men who operate the machine are the shot firers, 
two men being employed to stem and fire the shots. 

Some seams have a bed of " daugli " or other soft material em- 
bedded in the shale, or at the bottom of the seam, and when this occurs 
the holing can be done by the miner's pick, thereby saving the 
laborious process of boring. Less gunpowder is required in seams 
which have this holing. 
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Driving " Ends " or Upsets. — The " ends," or upsets, leaving the 
levels at regular intervals, are driven by the same method as the 
latter. The miner, however, has not the same freedom in working 
the upset, on account of the difficulty in maintaining his footing on 
the incline ; but, in order to facihtate his movements, pit props are 
laid across the pavement at regular distances apart and fixed to the 
sides of the place. Stamp holes are also made in the pavement to 
give better footing, and ropes and chains afford considerable assistance 
as he ascends or descends the upset. 

The boring operations at face are facihtated by the erection of 
a simple " scaffold," consisting of two props placed vertically, with 
two or three laid horizontally against them, thus making a platform 
from which the miner can work freely. The inclination of the upsets 
causes the shale, when blasted, to run to the bottom, where it is placed 
in hutches, which are pushed or drawn out to the inchned shaft for 
conveyance to the surface. 

Driving Cross-cuts. — These are driven to obtain seams in close 
proximity to each other. They traverse the different beds, and are 
wholly driven by the use of the boring machine and explosives, their 
average width and height being about 6 feet. 

Labour Notes. — The number of men usually employed at driving 
a level is two or three — either one or two working at the face, and 
one placing the shale in hutches and " drawing " it to the inclined 
shaft. These men are known as contractors or placemen, shift face- 
men, and drawers respectively. The contractor agrees to drive the level 
at a price, and is held responsible by the management for working it 
safely and properly. He pays the wages of all shift facemen and drawers, 
pays for all explosives, and supphes and maintains all necessary tools. 

The rate or speed at which a level is driven depends chiefly upon 
the nature of the seams, but is also affected by other conditions. 
In a fairly good seam with a level 12 feet wide and 8 feet high, 2 feet 
per day or 12 feet per week would be considered a good average distance, 
and by calculation the daily number of tons of shale won, assuming 

111 12x8x 2 

20 cubic feet as being equal to one ton, would be — 25— > or 

9 tons 12 cwt. 

This would give an output of three tons per day for each of three 
men, and, while that figure is often exceeded, it may be taken as the 
average " darg " in the shale workings. 

V. Blastinu and Explosives. 

Cleaning Shot Holes.— The shot holes having been bored to the 
requisite distance, the miner must clean them out before inserting 
the explosive. Por this purpose he uses a tool terme\i a scraper 
or cleaner (Fig. 35) which is made entirely of copper, and is about 
4 feet long and -j^g^ of an inch in diameter. One of the ends is flattened 
and bent over at right angles to the rod, giving it the appearance of 
a button with a diameter slightly less than that of the shot hole. 
The " button " end is put into the hole, and, when withdrawn, brings 
with it a portion of the dust, the process being repeated until the hole 
is quite clean and ready for the explosive charge. 

Cartridges.— These are made of strong paper, and vary in length 
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according to the amount of explosive required. Their diameter is 
slightly less than that of the shot hole, so that they may be easily 
inserted, as the Coal Mines Regulation Act of 1887 prohibits an 
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Fig. 35. — Cleaner (a) ; Stemmer (b). 



explosive to be forcibly pressed into a hole of insufficient size. This 
Act also prohibits the taking of explosives into a mine or pit unless 
in cartridges placed in a seciure case or canister containing not more 
than 5 lb. 
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Fio. 36. — Cartridge in position in Shot hole. 

Charging and Firing.— The miner having determined the size of 
cartridge to be used, inserts a length of fuse into one end, and pushes 
the cartridge gently to the back of the hole by means of a " stemmer " 
(Fig. 35), the fuse being of sufficient length to project 5 or 6 inches 
beyond the mouth of the hole. The "stemming," which is com- 
posed of the broken material and dust got from the hole, mixed 
with a little water to bind them together, is then rammed with the 
"stemmer " against the cartridge until the hole is filled to the mouth. 

The charge being now ready for firing, the fuse is lighted with 
the lamp used by the miners, who retire to a safe place until they 
hear the shot go off. Fig. 36 shows the cartridge in position and 
ready to be lit. 

The fuse burns at the rate of about 30 inches per minute giving 
ample time for the men to place themselves beyond reach of the shot 
it has a central core of gunpowder surrounded by cords of cotton or 
flax, which have an outer covering of tarred tape. For blasting in wet 
places the fuse may have an outer covering of two coils of tape with a 
layer of varmsh between, or, as a further preventive against damn- 
ness, these can be covered with gutta-percha. 
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Ac<;idents in Blasting. — Accidents occur from many causes, a few 
of which may be given. 

1. From break in continuity of fuse, dampness of fuse, or 

damage to fuse while charging shot hole. 

2. By men returning too quickly when a shot hangs fire. 

3. Attempting to light more than two shots at a time. 

The number of accidents from the first cause is small, and in 
nearly every instance can be traced to the miner having returned to 
his working-place before the time stipulated in the Act. The second 
cause has the same ultimate effect as the first, but the number of 
accidents, fatal and otherwise, due to the carelessness or foolhardiness 
of the miners, has been much larger than should have occurred with 
ordinary precautions. The third cause was also a source of deep 
concern to those engaged in shale mining, as the men were not re- 
stricted to a given number of shots to be fired in any one place at any 
one time. Hence they frequently proceeded to hght more than two 
shots, with the result that many serious accidents occurred, probably 
caused by the miner returning to the face in the belief that all the 
shots had gone off, while one failing to light properly, and exploding 
as he went forward, caused serious and, in some cases, fatal injury. 

With the view of doing everything possible to reduce these acci- 
dents to a minimum, Mr. Eobert M'Laren, H.M. Inspector of Mines, 
East of Scotland District, had a conference with the mining managers 
of the shale industry about seven years ago, and it was then agreed 
to put into force the following additional special rule 1 A. : — 

" Shot Firing. — ^Not more than two shots shall be charged and 
fired in any working-place at any one time, except in upsets rising 
more than 1 in 3|, where four shots may be charged and fired, provided 
that one person lights two shots only. Should the fuse of any shot 
mis-light, the person or persons firing shall leave the place, and shall 
not return for the period of 30 minutes." The oil-shale measures on 
the whole being very steep a certain amount of danger was attached to 
men going back to examine their upsets amongst the smoke after 
firing, and to overcome this the angle of 1 in 3^ was stipulated, as it 
was considered to be pretty flat and, consequently, not so dangerous. 

The adoption of this rule has had a marked effect, accidents from- 
shot firing being now of rare occurrence. 

It is worthy of note that miners are not allowed by the Act to 
have a naked lamp on their cap while placing fuse in cartridge. On 
the whole, it may be fairly stated that, considering the large quantity 
of gunpowder used in shale mining, the accidents from blasting are 
comparatively few. 

Explosives Used. — Except in special circumstances, gunpowder is 
the explosive used for blasting shale, its slow combustion causing a 
rending action and producing less small debris than any of the other 
known agents. The reduction of the quantity of small shale to the 
minimum is of great importance to the industry, on account of its 
packing closely in the retorts and preventing the heat from carrying 
out the destructive distillation. Gelignite is used in wet places, 
where gunpowder is not suitable, and in crossing hard beds of rook, 
but in ordinary working it shatters the rock too much. 

Ordinary mining gunpowder is of coarse grain, highly glazed, 
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and the usual composition is 75 parts saltpetre, 15 parts carbon, and 
10 parts sulphur. It is stored in magazines convenient to the various 
pits or mines, and given out in the quantities required by the miners 
employed on the different shifts. 

Quantity and Cost of Gunpowder and i^'wse.— The quantity of gun- 
powder used varies according to the quaUty and position of the shale. 
The undernoted Table may be taken as an average of what is required 
in a blasting seam : — 



Shots fired 
per Day. 

250 


Shale 
Got. 


Gunpowder 
Used. 


Cost of Gunpowder. 


Cost of 

Fuse per 

Ton of Shale. 


Total Cost of 
Explosives per 
Ton of Sha e. 


Per Man. 


Per Ton 
of Shale. 


Tons. 
475 


Lb. 
375 


7-31d. 


3 -led. 


•27d. 


3-43d. 



vi. Methods of Working. 

There are two well-known methods of working oil-shale — (1) 
" Stoop and Room," and (2) " Longwall," each having its own ad- 
vantages, according to circumstances. 

The shale seams vary from four to ten feet in thickness, say seven 
feet as an average, and on the whole are comparatively free from blaes. 
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Pig. 37.— Stoop and Room Method of Working Oil-shale. 



fakes, and ribs of unproductive rock. With a thickness of seven feet, 
experience shows that the method best adapted for the efficient 
working of the shale is stoop and room ; but in the case of two seams 
of shale, separated by a bed of fakes, or other foreign material, of 
sufficient thickness for packing, the longwall method may prove to 
be more suitable. 

Stoop and Room. — This method is more generally used through- 
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out the shale district than the other, and will be first described. Its 
chief characteristics are (1) the " whole " or first working, and (2) 
the " broken " or second working. 

(1) The " whole " working consists of a series of excavations made 
in the shale, whereby it is divided into rectangular blocks or pillars 
(Fig. 37). These excavations are called rooms, one set being driven 
at right angles to the dip of the shale and at regular distances from 
one another and commonly called levels ; another set driven to the 
rise of these levels and at right angles to them, being commonly 




Fig. 38. — Plan and Section of highly inclined Stoops. 

known as " ends " or upsets. The latter are broken off the levels 
at regular intervals and driven upwards to meet the levels above. 

The nature of the roof and pavement will determine the width to 
which the rooms may be driven. In the event of a bad roof, with 
rooms driven 12 feet wide, falls would be more frequent, and more 
timber would be used than in rooms driven 10 feet wide ; therefore, 
it would be cheaper to curtail the width when the roof is not good. 
The width of levels and ends in the shale workings is 10 to 12 feet. As 
the pillars are for the purpose of supporting the superincumbent 
strata, their size calls for special attention. It has already been 
stated that with increased depth there will be increased pressure, and 
to provide for this contingency stoops of the requisite size should 
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be formed. In highly inclined workings the stoops, or pillars, are 
made longer to the rise than at right angles to the dip, because the 
incUnation of the seam decreases the actual supporting area of the 
stoops, and incUned stoops under the great weight of the overlying 
rocks have a marked tendency to sUp. 

Fig. 38 is a plan and section of highly inclined stoops. 

No rule can be given for determining the size of stoops ; in form- 
ing them one must be guided by prevaihng circumstances. These 
are the condition of the roof and pavement, and the inclination and 
depth of the seam. It is evident, however, that by leaving large 
stoops, the ventilation of tlie ends will require special attention. This 
will be dealt with under the heading of Ventilation. 




Pia. 39. — Creep of the Strata in highly inclined Mine. 



Of all the difficulties associated with mining, whether the mineral 
be coal or shale, " creep " is about the most formidable, as when once 
started it is very improbable that anything can be done to check its 
destructive effects. The first indication of " creep " is given by the 
heaving or lifting up of the pavement of the rooms, causing the timber 
to bend and break and the rails of the hutch roadway to • become 
twisted and displaced . It is primarily caused by leaving small stoops, 
which are unable to withstand the pressure they have to bear. When 
the weight of the overlying strata bears heavily upon these weak 
supports, they begin to sink, and in doing so bring down the roof, 
force up the pavement, and fill the rooms. A secondary cause of 
" creep " is found in a soft and yielding pavement. 
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Fig. 39 shows a " creep " in its earlier (a) and in its final stages 
(b) in a highly inclined mine. 

(2) Broken Working.— After the first or "whole" working has 
reached the boundary of the shale-field, or when sufficient ground has 
been opened out by that system, the " broken " working, or stooping, 
is commenced. When stoops are kept standing too long they begin 
to show signs of the effect of the extra weight they have to support, 
and ultimately collapse; therefore the system of stooping a portion 
of the field as the " whole " workings proceed — always keeping a safe 
distance from these workings — is generally adopted. In seams where 
the shale is highly incUned stooping should be begun as quickly as 
possible, in order to reheve the weight on the stoops that are left to 
support the incUned shaft and to avoid a " creep." 

There being considerably more danger from falls of the roof to 
the men employed in " broken " than in " whole " workings, it is 
important that the timbering be skilfully done. Accidents sometimes 
occur, and shale is often lost, by carelessness on the part of the miner 
in not having his place securely timbered. 

The extraction of the stoops must be carried out in a systematic 
manner, care being taken not to have one lagging too far behind 
another. From Fig. 37, it will be seen that the operations are carried 
on with the stoops in advance of each other, thus forming a diagonal 
fine. To maintain this line the places should be equally manned and 
regularly worked. 

Methods of Removing the Stoops. — One method of removing stoops 
is to take a series of slices or " lifts " off them, the slices varying 
in width from 12 to 15 feet. Fig. 40a shows a 15-foot shce in process 




J i 



3 L 






B 



n 

D 
D 



L«J 



Pia. 40. — Method of Removing the Stoops. 
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of removal. The roof within the area of the last shce is supported 
with timber, which is usually recovered and used over and over again. 
Where the roof is good this method has been very successful, and the 
cost for timber is small. 

When the seam of shale is highly incHned another method of 
removing stoops — as shown in Fig. 40& — is carried out. The stoop 
is here spht up into small pillars, about 13 feet square, by driving ends 
and cross-throughers, which are removed by undermining at foot with 
the aid of explosives, and to prevent the waste above from coming 
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into the workings, a rib of stale about 30 inches thick is left on the 
rise side pillars, as shown on plan. Operations are commenced at the 
top pillar — ^No. 1 — and are continued downwards, this being repeated 
until all the shale in the stoop has been extracted. The removal 
of the stoops produces great disturbance of the surface of the ground, 
and the fiUing up of the huge holes often leads to much trouble and 
expense.* 

Longwall Working. — This method may be described as the extrac- 
tion of the whole of the available shale in one operation by means of 
a long " face," which is moved forward with the working. The space 
from which the shale has been wrought is filled up with the rubbish 
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Fig. 41.— Plan of Shale Mine worked on Longwall System. 

got from the seam, and is in Scotland termed the waste, but is known 
in England as the goaf. 

Eoadways to the face are protected by means of buildings or 
" packs," the material for their formation being also got from the 
seam, or, failing this, by ripping or brushing the roof. Erections 
of timber filled in with the brushing are also used, and, when well 
built, they stand for a considerable time. Pig. 41 shows a plan of a 
shale-mine worked on the longwall system. 

Before commencing longwall working in shale-mines, pillars 

* To help the non-teohnical reader, reference might be made to the excellent 
models of stoop and room working, and also method of extracting same on view 
in the Royal Scottish Museum, Edinburgh. ' 



Longwall Working. 



113 



are formed on both sides of the inclined shaft and principal haulage 
roads, and are left intact during the first working, so as to give better 
support to the roof. After these have been made, the longwall method 
of working is begun, either level course ways or to the rise. 

The size of the buildings or " packs " along the face depends upon 
the material available in the workings, and also upon the height of 
the seam, but generally tliey are from 6 to 12 feet along the face, 
and as they take the place of the shale pillars — ^before described as 
being left to support the inclined shaft, &c. — they should be sub- 
stantially built in order to sustain the pressure to which they are 
subjected. 

Fig. 42 shows a cross section and plan of a longwall face to the 
rise in the Fells Shale. Wooden pillars, measuring about three and a 
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Pig. 42. — Plan of Longwall Pace. 

half feet square, are built on both sides of the roadway, and filled up 
with material got from the brushing and hohng. The distance between 
the pillars is from three to four feet, the space between them, which 
extends back four and a half feet, being filled up and tightly packed 
with the brushing, thus making the length of building along the face 
eight feet. The "cundy " or space between the "pack" or building is left 
unsupported so as to allow the strata to fall, thereby taking the weight 
off the face and pillars. The length of walls varies from 36 to 39 feet, 
and when the seam is inclined there is a greater length to the rise than 
to the dip. An average is 23 feet to the rise and 14 feet to the dip side. 

The roadways are seven feet wide, and are timbered as shown on 
cross section, the ordinary crown trees, supported by two props, 
being placed so as to prevent the pillars bursting out on the road. 

If the clod be soft enough, the holing is done with the pick, but 
if too hard blasting is resorted to. 
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Fig. 43 shows a section of the Fells shale. ^^ 

While holing, the miner is protected by the erection of " sprags 
placed at intervals along the face, the roof being temporarily sup- 
ported by vertical props fixed close to the working face, those 
nearest the " building " being removed and used again as the face is 
advanced. When the " sprags " are taken out the shale is blown 
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Pia. 43.— Section of the Fells Shale, 



down by means of gunpowder and " backened," or thrown back to 
the roadhead, where it is filled into the hutch. 

Fig. 44 shows the method of spragging and supporting the roof 
at face. 

The Fells Shale has been successfully worked on the longwall 
system in the mines at West Calder, Hermand, Tarbrax, and Seafield, 
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Fig. 44.— Method of Spragging Shale. 



but a portion has also been worked by the stoop and room method 
at these places. 

WorMng seams contiguous to each other. — In the Pumpherston 
Shale-field (Fig. 26) there are five seams, separated from each other 
by beds of blaes and fakes, varying in thickness from 8 to 14 feet, 
the total thickness, including seams and dirt, being 92 feet. The 
average inclination of the seams is 37°, and the method of working 
is stoop and room. 

Two inclined shafts are driven from the surface in the middle 
seam, levels being cut, right and left, at regular intervals, and when 
these are carried to a distance of 120 feet, cross-cuts are broken off 
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and driven to the upper and lower seanas. Access is got to all the 
seams by cross-cuts, and the levels are continued to the boundary 
or such distance as may be required. The usual ends or upsets are 
driven until connected with the levels above ; and by this means the 
ventilation is effected, the cross-cuts acting as the intake airways, 
and the foul air finding its way to the exhaust fan through the upsets. 

When the levels have been cut, stooping is commenced ; No. 1, or 
top seam, being dealt with first, and the others in rotation from the 
surface. In the first or solid working a piece of shale about eight 
inches thick is usually left on the roof for support, but is recovered 
during stooping. 

At the Roman Camp Mine of the Broxburn Oil Company, the 
curly shale — 14 to 18 inches thick — ^in the No. 3 Seam, is not removed 
during the first working, and forms an admirable roof until it is 
removed at stooping. 

Special Methods of Working. — In a few instances the longwall 
face, instead of being carried in a straight Une, is worked in steps, 
one place being in advance of another, as shown in Fig. 45. 




Fig. 45.— Special Method of Working Oil-shale in Steps. 



At Oakbank Pit, Mid-Calder, the Dunnet seam, which is in two 
parts, separated by a bed of calmy blaes about three and a half feet 
thick, has been extensively worked on this method. Owing to the 
character of the calmy blaes, falls were frequent along the Hne of faces, 
and, to obviate this occurrence, the method of stepping the faces had 
the desired effect. The inchnation of the seam varies from 6° to 28°, 
and it is subject to alterations in level course. Fig. 46 shows a section 
of the seam. 

Operations are begun in the bottom seam, the holing being done 
with the pick in the calmy blaes, which is 6 inches thick. The miner 
holes as far as he can reach— probably three feet— and brings down 
the shale by blasting ; the process being repeated until he penetrates 
a distance of 9 to 12 feet from the face of the brushing at roadhead. 
The excavation extends the whole length of the wall, which measures 
15 yards along the shale face— the roads being nine feet wide. 

While the lower seam is being worked, the calmy blaes is supported 
by props set at intervals, the roadways on both sides being built with 
old railway sleepers or old waggon timber cut to the required sizes. 
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and formed into pillars three to four feet square, and erected from 
three to four feet apart. These pillars are m some cases placed near 

the face. . 

When the shale is removed in the bottom workmg, the props are 
drawn, with the exception of a row standing about three feet from 
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Pig. 46.— Section of Dunnet Shale, Oakbank Pit, Mid-Calder. 

the face, which is left for the purpose of breaking ofE the calmy blaes 
and allowing the miner room to resume operations in this working. 
The props at roadhead are drawn last, and the calmy blaes, which 
parts freely from the top portion of the seam, is allowed to fall. 

The top portion of the seam is then dealt with, the roof being 
temporarily supported by props and an occasional timber pillar, 




Pig. 47. — Longitudinal Section, showing Method of Working the 
Dunnet Shale, Mid-Calder. 



until the calmy blaes has been brushed and built on the roadsides, 
when timber pillars similar to those in the bottom working are built 
up on the top of the blaes and close to the roof. 

Fig. 47 is a longitudinal section of working. 

On reaching a distance of 100 yards the branch roads are cut of! 
by levels, slopes or " cousie braes." Those leading to the working 
faces are sometimes driven level off the slopes, &c., in which case 
the larger part of the wall face is to the rise. 



Working Vertical Seams. 



117 



Where the seam is dipping at an angle of about 28° the shale 
face is advanced to the rise, and " cuddie braes " or spouts convey 
the shale to the main levels. 

Working Vertical Shale Seams. — The Drumshoreland Basin, which 
is a continuation of the Oakbank Basin, was opened out a few years 
ago to the south of the Pumpherston antichne, three seams being 
found under quite unusual conditions at a vertical depth of 360 feet. 
The mode of access to these is shown in Fig. 27, and it will be seen 
that at one side of the basin they are in a vertical position. The 
following method of working is adopted. Levels are cut on both 
sides of the mine in the seams passed through, and, when driven 
a sufficient distance, cross-cuts are made to the other seams, this 
being repeated until all the vertical part is penetrated, one level 
being below another as shown in Fig. 48. Connection between the 
levels is got by driving steep upsets. 

In driving the levels, the shale is taken out to the thickness of 
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EiG. 48.— Method of Working Vertical Seams of Shale. 



the seam in its natural position, and the height is from 10 to 12 feet. 
This is properly called the first working, and when the levels reach 
the boundary, stooping is commenced by taking a sUce 10 to 15 feet 
thick from the stoops and working out to a safe distance from inclined 
shaft. Another slice is then taken off, working in towards boundary 
and so on, until the whole of the available shale has been recovered, 
but to prevent the waste coming into the workings from the road- 
ways above, it is found necessary to leave on a rib of shale, as shown 
in Fig. 48. 

Before beginning to take the second shce off the stoops a 
cuddie brae " is usually laid on the top of the debris which has 
fallen from the sides and fills the space to a large extent. Fail- 
ing sufficient debris for the " cuddie " and roadway, wooden pillars 
are inserted here and there. A scaffold is erected by the miner 
from which to work at the higher parts of the seam while 
stooping. 
8 
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vii. Timbering of Levels. 

As the levels advance, provision must be made for the roof being 
kept from falling, and this is secured by timber supports. Unfor- 
tunately the shale workings have not a firm roof like that in coal 
mines ; the blaes of which it is usually formed being soft and friable. 
Dislocations are common in some seams of shale, and when detected 
the part must be well timbered to ensure the safety of the workmen. 

Decay of Timber. — In addition to pressure the timber in mines 
suffers deterioration from t]ie moisture in the air, principally in the 
return airways, and a squad of men termed roadsmen is constantly 
employed renewing it in the levels leading to the working places. 

The simplest way to support the roof is to fix a crown tree (Fig. 49) 
to both sides of the level by making notches to receive its ends. This 
tree is fitted as closely to the roof as possible, any intervening space 
being filled with wooden wedges or splits, so as to distribute the 
weight. But where the levels are wide and the roof faulty, a prop 
placed vertically to support the crown, as shown in Fig. 50, gives 
additional security. 




Fro. 49.— Roof supported by 
Grown Tree. 



Fig. 60. — ^Roof supported by 
Vertical Prop. 



Steel Girder Roof Supports. — The roofs of many of the principal 
roadways and headings are supported by steel girders, which are 
placed close to the roof, the sides of roadway being notched to receive 
them. Vertical props are set to them, as shown in Fig. 51. Steel 




Fig. 51.— Roof supported by Steel Girder, supported by Vertical Props. 

girders have considerable advantages over timber, although much 
dearer at first cost. The advantages claimed are -—(l) Greater 
durabihty; (2) much greater strength; and (3) economy Steel 
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girders seldom break under sudden pressure, but give indication of 
excessive weight by bending to a considerable extent before breaking, 
Brick Walling.— In some mines the principal roads and landings 
are supported by means of brick arching, or side-walling, with steel 
girders stretched from wall to wall, as shown in Fig. 52, the thick- 
ness of walls averaging two feet. 





Flo. 52.— (k) Brick -arching ; (5) Brickwork and Girders. 



viii. Gases and Ventilation. 

The gases found in shale workings, though not of the Volume of 
those in coal seams, are of an explosive and dangerous character. 
The most common is fire-damp — technically named march gas or 
hght carburetted hydrogen, but known to the miner as gas or fire 
— which is given off by the strata. The chemical symbol of this 
gas is CII^, and specific gravity -5576. It is colourless, has neither 
taste nor smell, and explodes violently when mixed with nine times 
its volume of air. Fire-damp, being much Hghter than air, is found 
in the workings to the rise and in holes and cavities in the roof, and 
also accumulates in large quantities in the waste, where it is subject 
to expansion by a fall in barometric pressure, causing it to come 
out to the roadways. The ordinary precautions in regard to ventila- 
tion in such circumstances are sufficient to deal with these outbursts, 
but if the precautions are neglected there is grave danger of explosion. 
This gas is not often found in the levels, but its presence there is 
accounted for by fissures in the strata. In cross-cut driving it often 
escapes from these fissures, especially when approaching the shale 
seam, and it may be found necessary to do this work with closed 
lamps instead of the naked light invariably used in shale mining. 

Another gas, known to the miners as choke-damp or black-damp, 
is found in the shale seams. It is the well-known carbonic acid 
gas or carbon dioxide, and has neither colour nor smell ; but when 
it is present in large quantities a shghtly acid taste is felt in the 
mouth. 

Some very interesting results have been obtained by Professor 
Gray, Glasgow Technical College, in the analyses of gases from the 
shale mines. An abstract of his results (which are taken from the 
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Transactions of the Institution of Mining Engineers, vol. xxxix., 
pt. 2) is given below, and these show the percentages of carbon 
dioxide and methane to be very low in oil-shale mines. 



TABLE OF ANALYSES OF SAMPLES OF AIB FROM OIL- 
SHALE MINES. 



Sample. 


Where Obtained. 


Carbon Dioxide 

(002). 

Per Cent. 


Methane (CH4). 
Per Cent. 


1 


Working Face 


0-09 


0-03 


2 




0-10 


0-06 


3 
1 


)> 
Return Air-way 


0-29 


0-02 


Mean . 0-16 


0-037 


0-32 


0-06 


2 






0-l'7 


0-04 


3 






0-22 


002 


4 






0-23 


0-09 


5 






0-14 


006 


6 






0-07 


0-01 


7 






0-12 


0-09 


8 






0-05 


Nil 


9 






0-20 


006 


10 






006 


0-01 






Mean . 0-158 


0-049 



Oil-shale Dust amd Coal-Dust Experiments. — ^It might be of interest 
to give a short account of oil-shale dust experiments which were 
carried out by Messrs. M'Laren & Clark at the Broxburn Oil Works, 
a paper being subsequently read before the Mining Institute of Scot- 
land, and incorporated in the Transactions of the Institution of Mining 
Engineers (1910), vol. xxxviii., pt. 2. 

The -writers, iDeing fully aware of the dangers of coal-dust in mines, 
were anxious to ascertain, by experiment, the inflammabiUty or 
non-inflammabiUty of shale-mine dusts in the presence of a fire- 
damp explosion. With this object in view a series of tests were 
carried out, and dusts were collected from the Broxburn and Pumpher- 
ston mines, as at these places the principal seams in the shale-bearing 
strata are worked. 

Shale-mine dust is invariably composed of shale and blaes mixed, 
but it is found in very few roadways, as the strata are usually damp 
or even wet. 

The dust used was collected from the floor and sides of the roads 
in the mine and passed through a 50-mesh sieve (that is, having 2500 
apertures to the square inch). 

The apparatus by which the experiments were carried out con- 
sisted of a wooden explosion chamber 4 feet long and 14g inches 
square inside, open at one end, made of 1| inch tongued and grooved 
flooring boards, jointed at the closed end with flannel, and bound 
together with malleable iron glands. This chamber was made to fit 
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over wooden tubes of the same section, each 12 feet long, and jointed 
with spigot and faucet joints. One side of each tube was hinged, 
and shelves were fitted at intervals on the other side. The total 
length of the tubes was 48 feet. Pieces of cotton-wool were fixed 
at intervals of 18 inches on the edges of the shelving to indicate to 
what extent the flame travelled in the tubes from the diaphragm. 

The gas used for the explosions was taken from the main Broxburn 
Works supply, and its composition was as under — 



Oxygen 
Olefmes 
Hydrogen 
Marsh Gas 
Nitrogen 



1'2 per cent. 
18-8 „ 
41-9 
33-3 

4-8 „ 

1000 



By experiment it was found that mixtures of 10 to,12| per cent, 
of gas gave a violent explosion, and this mixture was used throughout 
the tests. 

The Exferiments. — The first three experiments consisted of an 
explosive mixture of 12^ per cent, of gas and 87^ per cent, of air. 
This was fired, and gave an average length of flame of 15 feet, which 
was measured by means of little pieces of cotton-wool moistened with 
naphtha and hung at short intervals in the tubes. Shale-mine dust 
was thereafter spread along 24 feet of the tubes, and out of six tests 
the flame did not travel more than 12 feet. 

In order to ascertain the effect of coal dust in the apparatus, 
under exactly similar conditions, the tubes were swept clean, and 
a quantity of coal-dust was spread along the entire length of 48 feet. 
On firing the mixture the flame shot out a distance of 5 feet from the 
end of the tubes. 

These experiments proved conclusively that not only was shale 
dust non-explosive, but it had a tendency to retard the flame. 

Experiments were also carried out on the zone system, i.e., shale- 
dust was laid alternately with coal-dust in zones. These clearly 
demonstrated that shale-dust mixed in certain proportions with 
coal-dust destroys the capacity of the latter for propagating an ex- 
plosion. 

The experiments revealed the fact that shale dust was not inflam- 
mable in the presence of a fire-damp explosion, but would act rather 
as a retarder to the progress of the flame. 

Further evidence of this has been clearly demonstrated (in the 
case of explosions) of fire-damp in shale mines. 

The following is a detailed table of the experiments :— 



[Table 
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(I) June 9, 1909.— "Weather i dry; barometer: 2987; thermometer: 
dry bulb, 66° ; wet bulb, 59°. 



No. of 


Explosive 


Time for 


Nature of Duat. 


Lengtli 


Remarks. 


Teat. 


Mixture. 


Diffusion. 




Flame. 






Gas. 














Per cent. 


Minutes. 




Ft. 


Ins. 




1 


12 


3 


None 
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Ventilation of Workings.-In order that the poisonous and in- 
flammable gases, given off by the strata and produced bv blasting 
operations, \nay be well diluted and rendered harmless, it is abso 
lutely necessary that fresh air be freely introduced into the mine, 
and tor this the law makes due provision. 

There must be at least two openings into every mine, one to act 
as an inlet, the other as an outlet. Ventilation by artificial means is 
umversally adopted. 

The principal machine in use for producing circulation of air is 
a fan which may be of the Guibal, Waddel, Capell, or other type, 
ihe (xuibal (Fig. 53) is most commonly used in the shale districts 
and gives satisfactory results. It is simple in construction, requires 
httle repair, and has a high efficiency. This type, hke the Waddel 
bemg slow speed, is driven direct from the engine. 




Fia. 53. — Fan used in Ventilating Shale Mines. 

At the Duddingston mine of the Oakbank Oil Company a Capell 
fan 8 feet in diameter by 3^ feet wide, having a guaranteed capacity 
of 80,000 cubic feet of air per minute, with a 3-inch water gauge, is 
used for ventilating the workings. An electric motor, with reduction 
gear, supplies the power for working this fan, which is giving satis- 
faction. 

If the fan used be of the exhaust type, it is placed at the outlet 
shaft, and draws the foul air from the workings. The fresh air enters 
by the inlet shaft, and is conducted through the workings by means 
of doors, stoppings, and screen or brattice cloth which has been 
rendered non-infl.ammable by a special chemical treatment. 

For the erection of screen cloth, light props are put up 9 feet 
apart, and to these are nailed the brattice boards, which are 18 feet 
by 6| inches by f of an inch thick, the cloth in turn being fixed by 
nails to the boards. Two or three boards in depth are necessary to 
carry the cloth, and they are usually fixed close to roof and pavement, 
wherever possible, so that there may not be open spaces for the air 
to escape. Should it not be possible to erect the boards so as to 
get the cloth to cover the whole space, small pieces of cloth or any 
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suitable material are used to cover up the openings. Fig. 54 shows 
the method of erecting the cloth. 

In mines where the seams of shale require to be wholly won by 
blasting, the brattice cloth cannot be erected so close to the level 
face as in the case of a seam holed with the pick, on account of the 
debris from the shots blowing it down. 



,v ^^^^^^T^^;^-iaafej£J4^tfe!l>J^P^ 




Pig. 54. — (6) Brattice Boards ; (c) Brattice Cloth ; (p) Props. 

The rule is to have the cloth fixed as close and tight as possible 
to prevent leakage, and to have a plentiful supply of air to carry 
off the smoke produced by the firing of shots. In steep workings 
where blasting is carried on the ventilating of the upsets cannot 
be done properly with this cloth, especially if the upsets are long, 
as it is difficult to get fresh air to travel uphiU, and the blasting opera- 
tions make it almost impossible to keep the cloth tight. To over- 
come this difficulty, a sm^all hand fan, worked by a boy, is used. 




Fig. 55.— (n) Hand Fan ; (5, c, d) Wooden Rhones. 

Fig. 55a shows a sketch of this fan. The fan is fixed to a platform 
made of wooden sleepers, and is kept working by the boy turning 
a handle. It is of the blow type, and is placed at the rise side of 
the level m the mtake airway, the brattice cloth being led past and 
turned up the end for 4 or 5 feet. Wooden rhones 11 feet long by 9 
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inches broad by 9 inches deep, made of wood | of an inch thick, having 
socket at one end and slight taper at the other (Fig. 556), are used to 
carry the air the required distance up the upset. Wooden bends 
(Fig. 55c) connect the fan to the rhones. 

The method of fixing the rhones is as follows : — 

A length of rhone is attached to the connecting piece of the fan 
(Fig. 55d), and to this the bend and more lengths of rhone are joined. 
In the case of a loose joint, screen cloth is used as packing to prevent 
leakage of the air. The rhones are carried on brackets which are 
fixed at one end to vertical props 9 feet apart and at the other to 
the stoop side (Fig. 56). 

Fig. 57 shows a section of an upset and rhones in position. 




Fm. 56. — Method of fixing Pig. 57. — Upset and Rhones in po.sition. 
Rhones in Upset. 

Before blasting, a rhone is usually removed to prevent it being 
broken, but after the shot or shots have been fired, this rhone is 
refixed and the fan set in motion to remove the smoke and gases. 

Better ventilation is got by the use of the hand fan, which is 
also found to be most useful in removing accumulations of inflam- 
mable gases. Iron pipes are sometimes used instead of rhones to 
convey the air from hand fan when a heading is being driven. These 
headings are longer than the usual upsets, and the pipes, which are 
about 18 inches in diameter, are not so liable to damage, and give 
better joints, than the rhones. 

Trap-doors (Fig. 58) are placed in every level throughout the 
workings, generally at sufficient distance from the inchned shaft to 
allow of a good-sized " lye " or siding for hutches. These doors 
are made of wood, 4 feet square by 1^ inches thick, and are usually 
supported by a brick wall 9 inches thick, in which standards and 
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lintel are fixed. They are hung by means of hinges, and have sufficient 
" lean to " at top to close themselves. On one side is fixed an iron 
hoop with a piece of wood between (Fig. 58), and the hutch on_ being 
pushed forward strikes this bufEer and forces the door open without 
damaging it. 

In stoop and room workings a large amount of bratticing is re- 
quired, as the air would take the shortest route to the return airway 
if not conducted by some system or other. To overcome this diffi- 
culty, brattice cloth is fixed to convey the air to the working faces, 
which is erected at one side of the road — the rise side if working 
be inchned — about 4 feet from the stoop side. Should the air be travel- 
ling downhill, the space enclosed by the bratticing mil be the intake, 
but if taken down the inchned shaft and spHt at the bottom, the roads. 




T'Lart ofTi^OLp-t^»«r oj-yA^t^t^ee 



Fig. 58.— Trap-door. 



or space outside, serve as the intake and the enclosed space as the 
return airway. 

Fig. 59 shows the usual arrangement of ventilating the rooms. 

This plan shows the air brought down the inchned shaft and 
split at the bottom, then led to face by use of brattice as indicated 
by arrows, the roads being the intake and the brattice the return 
airway. To prevent the air from going back to the shaft, stoppings, 
S, made of brattice cloth and boards, are placed at the top of the 
ends. The trap-doors, D, built in the level roads, and hanging 
brattice cloth made fast at top, but left loose at bottom, so that it 
may be easily put aside to allow passage of men or hutches, also 
serve to convey the air throughout the workings. Stoppings built 
of brick are erected when it is decided to shut off a portion of the 
workings. 

Shale seams being of good thickness, the airways throughout 
the workings are of comparatively large area, which contributes 
materially to the maintenance of good ventilation. 

The ventilation of longwall workings, as shown in Fig. 41, is a 
more simple operation than the stoop and room system just described, 
there being less obstruction to the currents of air, Bratticing is 



PumpmgYWater. 



127 



not required to nearly the same extent, therefore the ventilation of 
loDgwall is considerably cheaper than that of stoop and room. 




Fio. 59. — Ventilation of Stoop and Room Workings. 



1/ 



ix. Pumping Water. 

Shale-bearing strata being almost impervious, the quantity of 
water met with in ordinary working is not great, and the larger pro- 
portion is probably due to fissures and faults through which it has 
found its way from the surface. When stooping, the quantity is 
increased, in many cases to a large extent, by the ground at surface 
being broken and the whole rainfall on the damaged area finding its 
way into the workings. 

Appliances for Dealing with Water. — The workings are kept free 
from water by the use of pumps of various types and designs, which 
force it to the surface. The pumps commonly used are the plimger, 
or ram pump, and the piston pump ; and the steam-engine supplying 
the power may be either on the surface or underground. Pumping 
with rods gives a very low efficiency, and is being gradually super- 
seded by more modern appliances. 

Direct Acting Pumps. — These consist of a steam cyhnder and 
water barrel or cylinder, attached by tie rods and fixed to the same 
bedplate. They are connected by a through-going piston rod having 
the piston for steam cylinder on one end and the plunger or ram for 
the water barrel on the other, and are usually of the double-acting 
type. A large number are now in use, dealing with quantities of 
water up to 390 gallons per minute, and against a head of 540 feet. 

Other Tt/pes.— Hydraulic pumps of Moore's or Brown's design, 
driven by hydrauhc pressure from pumping engine on surface, are 
at work in the shale mines. 

Electric pumps have also been introduced in recent years. They 
take up more space than the ordinary steam types, and special 
chambers, with brick walls and roof girders, have to be formed to 
receive them. This type is finding favour in the shale district, and 
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may eventually supersede the others. Its chief advantages are the 
transmission of power through long distances from central stations, 
high efficiency, and economy in working. 

Analysis of Water. — The water pumped from the workings is 
suitable for steam-boilers in the majority of cases. The following 
is the analysis of a typical water, from shale mines, which is used 
for steam purposes : — 

Grains per Gallon. 
Carbonate of Lime and Magnesia . . . 15'81 

Carbonate of Soda ..... 5'68 

Common Salt ..... 7'33 

Sulphate of Soda ..... 26-49 

55-31 
X. Underground Haulage. 

The shale produced at the working face is placed in hutches which 
are taken to the " lye " or terminus by men termed drawers, by 
horse haulage, or by rope or chain haulage, and while in transit, may 
have to be put down a self-acting incline. The hutches are either 
made of iron or wood, and have a carrying capacity of from 10 to 
12 cwt. of shale. The weight of an empty hutch is from 4 to 5 cwt. 

Railways for Hutches. — The railways over which the hutches pass 
are of various weights and sections. In the side roads leading to 
the faces the weight is 12 to 14 lb. per yard, but on cut chain braes, 
dook haulages, and horse roads a heavier rail — 20 to 24 lb. — is used. 
Rails are usually delivered in lengths at or between 12 and 18 feet, 
the short lengths being preferred for the hght section used at faces, 
and the others for the heavier rails on the principal roads. The 
gauge of railway is from 23 to 30 inches. 

Drawing Shale. — By far the largest proportion of the shale is 
taken from the working faces to the " lye " at inchned shaft by 
manual labour. A double line of rails is laid for some distance back 
from the inchned shaft, and this forms the " lye " for full and empty 
hutches. The drawer takes out a full hutch from the face to the 
" lye," returns with an empty one, which he fills, repeating the pro- 
cess until he has three or four hutches ready to be taken up the shaft. 
He waits at the " lye " until his turn or " ben " for lifting the hutches 
by carriage to ^luface, and after receiving his number of empty 
hutches, proceeds as before until his day's work is completed. 

Horses. — Haulage by horses from working faces, foot of cousie 
braes, and cut chain braes, is becoming common in the shale workings. 
When slope roads are driven in workings having an easy inclination 
it is found that a horse can take away the shale from three " faces," 
as against one by manual labour ; and as the workings, generally, 
have a high roof, good roads for horses are made at little expense. 

Self-Acting Inclines. — These may be classed under three heads : — 

1. Cuddie Braes. 2. Cousie Braes. 3. Cut Chain Braes. 

A self-acting incfine is merely an application of the law of gravita- 
tion, the weight of the load, together with the gradient of the incHne 
furnishing the motive power, and from what has been stated regarding 
the inclination of the shale-measures it will be obvious that the work- 
ings are well suited for the adoption of this aid to the transit of shale. 
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The cuddie btae (Fig. 60) is the simplest system of seK-acting incline, 
and is used to a large extent. It runs one full hutch only at a time. 

The brae is laid with a double Une of rails, one set having a narrow 
gauge on which runs the " cuddie " or loaded bogie balanced to suit 
the full and empty hutches. It is worked either by a rope or chain, 
— ^usually the latter — ^passing round a wheel, 18 to 20 inches diameter, 
attached to a forked piece of iron, one end of the fork being shaped 
so as to enter a vertical prop to which it is fixed by means of a screw 
and nut. The chain is passed round the wheel, and the speed of travel 
can be regulated by a handle attached to the fork, as shown in Fig. 61 ; 
but in most cases the " cuddie " is balanced so as to take up the 
empty hutch, and braking is unnecessary. 

The full hutch in descending draws up the "cuddie" to a short 
distance from the wheel, and the " cuddie," while descending, draws 




Fig. 60. — Cuddie Brae. 



Fig. 61.— Chain Pulley and Brake. 



up the empty hutch. To prevent the" " cuddie " running back when 
the full hutch has reached the level road, the chain to which it is 
attached is pushed by the drawer's foot into a " gab " in a piece of 
iron bolted to a sleeper, and kept from moving by a pin and link. 

Gousie Braes.— By this system a number of loaded and empty 
hutches can be run at one time. 

Where the inclination is not steep, a wheel having a friction or 
braking strap is used, and round this the rope is passed two or three 
times to prevent slipping. In moderately steep workings a drum is 
preferred instead of a wheel, and it is also fitted with a strong brake. 

A number of full hutches are put on at top of inchne, and their 
weight, while descending, is sufiicient to draw up an equal number of 
empties. 

This system gives general satisfaction. 

Gut Ghain Braes.— '^hs advantage of a cut chain brae is that the 
shale can be taken from a series of intermediate levels by one incline. 
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The principle is the same as those abeady described, the full hutch 
drawing up the empty one. 

A wheel is fixed to a prop at the top of the mclme, as shown m 
Fig. 62, and round this the rope passes. The rope is twice the length 
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Fig. 62.— Cut Chain Brae. 

of the brae, less the distance between the level and the first cut, and 
on one side is connected in sections by chain Unks. The method 
of working the cut chain will be best understood by reference to 
the foregoing sketch. 

Supposing a hutch is to be run from No. 1 Bench. 

itM* The rope is cut by detaching the link, allowing the 

portion between Nos. 1 and 3 Benches, which is 

not required, to lie between the rails. The rope 

being attached to the full hutch, and the signal 

given from below that the empty one is also 

attached, the blocks which have been holding the 

full hutch on the " plates " are removed, and it 

runs down to the bottom, B, the speed of travel 

being regulated as in Cousie braes by a brake, 

usually worked by a boy. The empty hutch 

Fig. 63.~-Hook has now been drawn up to No. lA, where it is 

and Link. taken off and another full hutch is run down, 

bringing up an empty to No 1. 

The rope can now be connected and hutches run either from Nos. 2 

or 3 Benches, tTie process of " cutting " being carried out at each bench. 

Fig. 63 shows the links for connecting the lengths of rope, the connec- 
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tion being made by passing the hook through the link at the point 
marked A. This forms a substantial and rehable connection. 

Where these cut chain braes are in use, the inclination of the work- 
ings is 26°, and the average length of the braes is 40 fathoms. A large 
output can be run down one of these inclines. 

Carnage Inclines. — These are adopted where the inclination is 
great — 45° or thereby — the other systems being quite unsuitable 
at such acute angles. 

This system was largely practised in the mines of the LinUthgow 
Oil Co., Ltd., and is worked in those of the Pumpherston Oil Co., 
Ltd., in a seam having an inclination of 45°. 

The carriage (Fig. 64) is constructed to carry one hutch only, and 
is run on rails of the usual gauge, the balance bogie travelhng on a 
narrow gauge road. A drum about five feet broad and four feet in 
diameter is placed at the top of the incline, and is fitted with a brake 




j^Q. 64.— Carriage for Self-acting Incline. 

and indicator having marks to represent the different stopping-places. 
Two separate ropes are used, one for the carriage, the other for the 

balance bogie. 

Under this arrangement the hutches are put on the carriage from 
one side only, and on the inchne under review there are seven stopping- 
places or benches. The principle of the carriage inchne is the same 
as the self-acting cuddie brae, the carriage carrying the full hutch 
bringing up the balance bogie, and the latter, while descending, agam 
bringing up the carriage bearing an empty hutch. 

Careful braking is necessary in order to bring the carriage to rest 
opposite the benches. 

The length of the incline is 160 yards, and the output is 70 tons 
per shift. This system has proved highly satisfactory, and is to be 
commended in like circumstances, the saving in wear and tear of 
hutches and the maintenance of output being factors of considerable 
value. 
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Engine Haulage. — Two systems of engine haulage are now in 
common use, viz., direct or dook haulage, and endless rope haulage. 

Direct haulage is done by one main rope attached to a drum driven 
by an engine which may either be on the surface or underground. 



} 





The engine draws a train of full hutches up the dook to the bottom of 
pit or inclined shaft, and the empty hutches are run back by gravita- 
tion, dragging the rope behind them. The drum shaft is usually 
fitted with a clutch, so that the drum can be thrown out of gear with 
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the engine, and the empty hutches run down the incline without 
reversing and running the engine. In this case the speed of the train 
is controlled by a brake on the drum. In some shale-mines electric 
motors are used instead of steam-engine for haulage, the generating 
plant being at the surface. 

The endless rope is another system of underground haulage which 
justifies itself when it can be applied on a long undulating road. The 
driving engine is on the surface, the rope being taken down the 
shaft, passed round pulley wheels, then put in line with the haulage 
road and carried to the terminus, where it passes round a horizontal 
wheel and is returned to the drum. 

Two roads are necessary for this system — one for full, the other 
for empty hutches. A " jigger " fixed on the side of the hutches 
connects them to the rope. They are put on the rope at regular dis- 
tances apart, so that the load may be distributed as evenly as possible. 
Fig. 65 shows the endless rope arrangement. 



xi. Inclined Shaft Winding. 

In winding out of inclined shafts, the hutches are either drawn 
up in trains or " rakes," or upon a carriage with level platforms. 
When the grade of the inchne exceeds 20°, a carriage is preferable, 
as it can be run at higher speed, and the number of derailments being 
small, its use tends to safety, economy, and more regular working. 

Hauling by Electricity. — In recent years electric power has been 
adopted for hauling out of inclined shafts at the new openings of the 
Oakbank Oil Company at Duddingston, Linlithgowshire. The mines 
are driven in the Dunnet seam for 800 yards at an average gradient 
of 1 in 5, and the hutches are drawn by the endless rope system at a 
speed of 140 feet per minute. The hutches are put on the rope by 
attendants at special stations or benches, which are 40 fathoms apart, 
a distance of 40 feet being allowed between each hutch. As the rope 
passes over the top of the hutch the attachment is procm-ed by a short 
bridle chain, one end being hooked to the hutch and the other twisted 
two or three times round the rope, as shown in Fig. 66. 




Fig. 66.— Hauling by Endless Rope from Inclined Shaft. 

The output presently drawn by this system is 500 tons per shift, 
but these figures can be largely exceeded if necessary. The rope is 
11 inches diameter, and is kept tight by a travelling bogie or back 

9 
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balance placed at the foot of the mine. Pulleys of mushroom shape 
are placed at the benches to carry up the rope so as to allow the hutches 
to be attached or detached. Hutches having to be taken across the 
incline are carried on an ingenious overhead scaffold, advantage being 
taken of the gradient of the mine to have a level roadway. 

The power for this arrangement is got from a Westinghouse induc- 
tion motor, started and stopped by a controller of the type used on 
tramways, and having an output of 150 B.H.P. The drum is 10 feet 
diameter, the ratio of gearing to motor being 1 to 120. 



xii. Conveyance of Shale on Surface. 

The hutches containing the shale, when delivered at the pithead, are 
examined by the shale inspector or " crowpicker," who rejects unsuit- 
able material. They are then weighed, and the weight credited to the 
" placeman " or contractor who has sent them up, a piece of leather, tin, 
or other material of particular shape attached to one of the rings of the 
hutch being the pitheadman's invoice, or label, indicating name of 
sender. The designs and shapes of these labels or " pins " are mystifying 
to those not experienced in mining affairs, but it is of rare occurrence 
to hear of a pitheadman having made a mistake in crediting a hutch. 

After the weighing process the hutches are emptied direct into the 




Fig. 67.— Shale Breaker. 
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shale-breaking machine, or sent by endless haulage arrangement or 
railway trucks to that machine. This altogether depends on the 
distance of the pithead from the breaker. 

The process of emptying the hutches is facilitated by a tippler placed 
over the shoot leading into the shale breaker, and the waggons are 
usually discharged by the aid of a hydraulic ram. 

The shale-breaking machine consists of two heavy cast-iron rolls 
placed in relation to each other, as shown in Fig. 67, and driven by 
steam-engine or electric motor through belt or gearing. The rolls 
have heavy cast-iron teeth which crush or break the shale in passing 
through and deliver it by a shoot into hutches on railway at bottom 
of breaker, from whence it is conveyed to the retorts. 



PART III. 
THE CHEMISTRY OF THE OIL-SHALES. 

i. Introductory and Historical. 

The raw material is bituminous shale, which, after being broken 
up by machines of special construction, and subjected to destructive 
distillation in retorts, gives crude oil, ammonia water, and gas used 
as fuel. The crude oil is refined by repeated distillations and treat- 
ments with chemicals, and the marketable products are — 

(1) Shale spirit or naphtha, with specific gravity from -660 to 
•750 at 60° F. (15-5° C). Oils too volatile for safety in domestic illum- 
ination, and used chiefly as solvents, and for motor spirit. 

(2) Burning or lamp oils. Sp. gr. '770 to -830, the average being 
about -800. Used for lamps and internal combustion engines. 

(3) Gas or intermediate oils. Sp. gr. -840 to -865, with properties 
intermediate between those of the burning and lubricating oils, and 
used for gas-making, gas-enriching, fuel for the Navy, internal combus- 
tion engines, and for cleaning purposes. 

(4) Lubricating oils. Sp. gr. -865 to -895, of high boiling-point and 
viscosity, used for lubricating machinery. 

(5) SoUd paraffin. Melting-points from 100° to 130° F. (38° to 
54° C). Used for candle-making and other purposes. 

(6) Still coke, still grease, &c. 

(7) Still gases used for illuminating the neighbouring villages. 
From the ammonia water is obtained — 

(8) Sulphate of ammonia. 

History of the Oil-Shale Industry. 

The manufacture is allied to the great petroleum industry and more 
closely to the oil-shale manufactiue in France and the brown coal 
distillation of Germany. 

The distillation of coal for liquid products was attempted in Scot- 
land more than a hundred years ago, but then proved unsuccessful. 
Shale distillation was begun in France some years earlier than in Scot- 
land, and still exists ; but in this country the French experiment was 
unknown and the industry originated here independently. In Decem- 
ber 1847, Mr. James Young was informed of the existence of petroleum 
at Alfreton, in Derbyshire, by the late Lord Playfair, who held that he 
thereby originated not only the shale-oil manufacture of Scotland, 
but also the great petroleum trade of the world. Young worked the 
petroleum from the Alfreton coal pit until it was exhausted. His 
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theory was that it had been produced in the earth by the distillation 
of coal at a low temperature, and he set himself to produce a similar 
oil artificially. He experimented with many varieties of Enghsh 
and Scottish coal, until eventually he found the Torbanehill or Bog- 
head gas-coal in West Lothian, which proved suitable for his purpose. 
He took out his patent for the low-temperature distillation of coal in 
1850 ; and by the end of that year the Bathgate works were started 
by Messrs. Young, Meldrum and Binny. 

At the -London Exhibition in 1851, Mr. Young was awarded a 
medal for the distillation of paraffin oil from coal, and at the same 
time A. Wiesmann & Co., of Augustenhiitte, near Bonn, Prussia, ob- 
tained one for paraffin oil from shale ; A. Moreau, of Paris, one 
for similar products from bitumen ; and V. Delignon, France, was 
honourably mentioned for rectified products from shale. Delignon 
remarked that the French industry was more successful than that 
of Scotland owing to less sulphur being present. 

The Torbanehill mineral yielded the raw material for about a 
dozen years, much of it being used in Scotland and some being ex- 
ported to America and the Continent for distillation. 

In 1862 the supply from this source was bejng exhausted, and 
the material became too valuable and expensive for this industry ; 
hence shale was resorted to, but with widely different results. While 
the Torbanehill mineral yielded about 120 gallon . of crude oil per 
ton, the shales first used furnished 40 to 45 gallons, and soon the yield 
was 30 to 35 gallons. The expiry of Young's patent in 1864 led to a 
rapid expansion of the Scottish oil industry, but ere long it sustained 
a severe check. The discovery in 1859 of oil-wells in Pennsylvania 
by E. L. Drake, was soon followed by the importation of petroleum 
lamp oil into Britain, the quantity increasing year by year. Owing 
partly to this competition and partly to the increase in the number of 
oil works, prices gradually fell. During the course of Young's patent, 
the price of burning oil, the principal product, was 2s. 6d. per gallon, 
and even 3s. Qd. for a short time ; soon after its expiry it was lowered 
to Is. Qd., and for some years it ranged from Is. 5^. to Is. In 1871, 
fifty-one works existed in Scotland, producing 25,000,000 gallons of crude 
oil per year, and within two years the number was reduced to thirty. 

Competition with American and Russian Supplies. 

At first the Americans exported to Britain only bm'ning oil, but 
they soon began to introduce supplies of lubricating oil, and, sub- 
sequently, of solid paraffin. Then the smaller works (whose retorts 
had been mostly made for the production of burning oil) tended to 
decrease in number, and the larger ones to increase in size, thus con- 
centrating and cheapening production. Eetorts were improved to 
suit the circumstances and to produce a purer oil with a larger pro- 
portion of heavy products. Mechanical labour-saving arrangements 
were devised, refining was improved and cheapened, and economies 
of every kind were introduced. The chemicals used in refining were 
recovered ; and the tars separated by them, the removal of which 
had involved expense, now became a source of profit as fuel. The 
supply of Peruvian guano began to fail, hence the price of sulphate 
of ammonia rose to £22 (1880) and even to £24 per ton ; but as the 
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importation of nitrate of soda increased greatly, it fell below £8 per 
ton about 1890, when burning oil sold at less than 6d. per gallon. 
These conditions led to further concentration. Eetorts specially 
designed for the manufacture of sulphate of ammonia were universally 
adopted, and improvements were introduced to secure greater economy 
of working. With the older type of retorts a shale had to yield about 
30 gallons of crude oil per ton in order to be profitable ; but with the 
new retorts, and the increased yield of ammonia and fuel gas, a shale 
furnishing 20 gallons is remunerative. Not more than 16 lbs. of sul- 
phate of ammonia per ton were formerly obtained as a maximum, now 
35 lbs. to 70 lbs. are got, according to the quahty of the shale. By these 
methods the quantity of shale that can be worked with profit has been 
increased, and the life of the Scottish industry has been lengthened. 

Since 1873, the Eussian petroleum industry has developed rapidly, 
and in recent years competition from this source has become very 
severe. Russian crude oil, however, produces no solid paraffin ; 
and America shows signs of not being able to respond as easily as 
formerly to the increasing demands of the world for petroleum, any 
increase in American output being fuel oil. In 1905, however, it 
succeeded by great effort in making up for the Russian deficiency 
caused by troubles at Baku. In 1909 and 1910 there was a definite 
decrease in the export of burning oil from America to Britain. Sul- 
phate of ammonia is being produced in greater quantities from iron- 
works, coke-ovens, Mond-gas producers, &c. ; but the demand also 
increases. New competitors are always arising ; recently, for instance, 
Galicia with solid paraffin, Roumania with burning oil, and the Dutch 
Bast Indies with motor spirit. But notwithstanding this prolonged 
and fierce struggle for existence the Scottish industry still survives. 
The Scottish companies vie with each other in their efforts to improve 
and cheapen the processes, and show signs of mutual helpfulness and 
co-operation. In the early days of the industry operations were 
carried on in a simple but very expensive fashion. Sometimes the 
shale was carted miles to the retorts, and the crude oil carted miles 
to the refinery, and breaking shale, pumping oil, &c., were done by 
manual labour. But through all these years evolution has been at 
work in developing a high state of organisation, resulting in economy 
and efficiency. The most of the existing works have adopted elec- 
tricity for lighting and for the conveyance of power for all purposes. 

In 1894 there were thirteen oil companies in Scotland, now there 
are only seven (three of which produce crude oil only), but the output 
has not been reduced. 

ii. Statistics. ) 

It is not possible to obtain full and reliable data in regard to the 
production of the oil-shale industry in Scotland ; the following are 
approximate estimates showing its extent : — 

In 1910 the Shale distilled was . . 3,130,000 tons. 

The Crude Oil produced 273,000 tons or . . 70,000,000 gallons. 

The marketable products were — 

Motor Spirit ...... 600,000 gallons. 

Naphtha .... . 4,400,000 „ 

Burning Oil . . 20,000,000 „ 

Gas or Fuel Oils ..... 12,000,000 „ 
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10,000,000 gallons. 
25,000 tons. 
54,000 „ 
£2,000,000. 



Lubricating Oils 

Paraffin Wax . 

Sulphate of Ammonia 

The value of total products . 

In 1909, 4496 miners were employed. Mines and oil works together 
employed about 10,000 men. 

The following table gives the quantities of shale and products for 
years ending important periods in the history of the industry : — 





1871. 
(51 Works.) 


1879. 
(18 Works.) 


1887. 
(13 Works.) 


1893. 
(13 Works.) 


Shale . 

Crude Oil . 

Naphtha,ljuming, 
and Gas Oil 

Lubricating Oil . 

Paraffin, Solid . 

Sulphate of Am- 
monia 


800,000 tons. 
25,000,000 galls. 

11,250,000 ,, 
2,500,000 „ 
5,800 tons. 

2,350 „ 


850,000 tons. 
29,000,000 gall.s. 

11,400,000 „ 
5,000,000 „ 
9,200 tons. 

4,750 ., 


1,869,300 tons. 
52,876,700 galls. 

21,680,000 „ 
9,000,000 „ 
22,846 tons. 

18,483 ,, 


1,9-17,842 (on.s. 
48,696,050 galls. 

yO,4.'.2,341 „ 
S,7IJ5,2.s;-l ,, 
19,130 tons. 

28,000 „ 



Prices oi 


Pboducts. 










1873. 


1883. 


1893. 


1903. 


1910. 


1912. 
(May). 


Burning Oil— per gallon 
Heavy Oil — per ton . 
Belined Paraffin — per lb. 
Crude Paraffin Scale— per lb. 
Ammonia Sulphate— per ton 


Is. 5d. 
£20 
lOd. 
5d. 
£20 


5id. 

£9 10s. 

4d. 

£17 


5id. 
£5 
5d. 
2Jd. 
£10 


5fd. 
£6 
3d. 

£12'i0s. 


5d. 

£5, 10s. 

2d. 

£12'i5s. 


8d. 

£6 

2-Jd. 

£13i5s. 



The following tabular statement shows the growth of the manu- 
facture during the last thirty-eight years : — 

Output and Value op Oil-Shale in the United Kingdom from the 
Year 1873 to 1910. 



Home Office 


Report : Mines and Q 


UARRIES. Part III. p. 276 (1910). 


Year. 


Quantity. 


Value. 


Year. 


Quantity. 


Value. 




Tons. 


£ 




Tons. 


£ 


1873 


524,095 


262,047 


1892 . 


2,089,937 


522,484 


1874 


362,747 


181,373 


1893 


1,956,520 


489,130 


1875 . 


437,774 


218,887 


1894 . 


1,986,385 


496,596 


1876 


603,538 


301,769 


1895 . 


2,246,865 


561,716 


1877 . 


801,701 


400,850 


1896 . 


2,419,525 


604,881 


1878 


788,704 


394,352 


1897 


2,223,745 


555,936 


1879 


783,748 


391,824 


1898 . 


2,137,993 


534,498 


1880 


837,805 


418,902 


1899 . 


2,210,824 


553,003 


1881 


958,255 


479,127 


1900 . 


2,282,221 


627,844 


1882 


1,030,915 


310,685 


1901 . 


2,354,356 


589,162 


1883 . 


1,167,943 


299,676 


1902 . 


2,107,534 


500,804 


1884 


1,518,871 


386,780 


1903 


2,009,602 


477,312 


1885 


1,770,413 


447,302 


1904 


2,333,062 


544,346 


1886 


1,728,503 


435,963 


1905 


2,496,785 


593,334 


1887 


1,411,378 


355,085 


1906 


2,546,522 


657,928 


1888 


2,076,469 


519,074 


1907 . 


2,690,028 


806,323 


1889 . 


2,014,860 


503,715 


1908 . 


2,892,039 


795,257 


1890 


2,212,250 


608,369 


1909 . 


2,967,057 


815,937 


1891 


2,361,119 


707,177 


1910 


3,130,280 


860,827 
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County Output and Value of Oil-Shale from Mines for 1910. 
Home Office Report : Mines and Quaemes for 1910. Part III. p. 276. 



County. 


Quantity. 


Average Value 

per Ton 
at the Mines. 


Value at the 
Mines and 
Quarries. 


Edinburgh .... 
Lanark and Sutherland 
Linlithgow . 

Total in 1910 


Tons. 
728,058 
84,060 
2,318,162 


s. d. 
5 6 
5 6 
5 6 


£ 

200,216 

23,116 

637,495 


3,130,280 




860,827 



Sulphate of Ammonia — Annual Production in the United 

Kingdom. 

From H.M. Alkali Inspector's Reports. 





1886. 


1887. 


1888. 


1889. 


1890. 


1891. 


1892. 


1898. 


1894. 


1895. 


1896. 


Gaa Works 
Iron Works 
Shale Works . 
Coke & Carbon- 
ising Works 

Total 


Tons. 

82,480 

8,960 

18,080 

2,100 


Tons. 
86,022 
6,098 
21,098 

2,678 


Tons, 

92,896 

6,280 

22,072 

2,637 


Tons. 

100,711 

6,145 

23,963 

2,796 


Tons. 

102,188 

6,064 

24,730 

2,326 


Tons. 

107,960 

6,290 

26,600 

2,766 


Tons. 
110,748 
11,000 
23,106 

4,973 


Tons. 

112,179 

8,833 

28,486 

3,266 


Tons. 

113,634 
10,076 
32,391 

3,448 


Tons. 

119,646 

14,688 

38,336 

7,083 


Tons. 

127,498 

16,611 

87,822 

9,078 


106,610 


113,896 


122,786 


133,604 


134,257 


143,606 


149,826 


152,762 


160,048 


179,661 


190,909 




1897. 


1898. 


1899. 


1900. 


1901. 


1902. 


1903. 


Gasworks . 
Iron Works . 
Shale Works 
Coke Works 
Troducer Gas & ( 


Darbonising Works . 
Total . 


Tons. 

132,724 
17,779 
37,168 
10,624 


Tons. 

129,690 
17,936 
37,264 
11,668 


Tons. 

133,768 

17,963 

88,780 

7,849 

7,360 


Tons. 

142,419 

16,969 

37,267 

10,393 

6,638 


Tons. 

142,703 
16,868 
40,011 
12,256 
6,891 


Tons. 

160,065 
18,801 
38,931 
16,862 
8,177 


Tons. 

149,489 
19,119 
37,353 
17,438 
10,265 


198,280 


196,367 


206,720 


213,726 


217,213 


229,316 


283,664 




1904. 


1906. 


1906. 


1907. 


1908. 


1909. 


1910. 


Gas Works . 
Iron Works . 
Shale Works 
Coke Works 
Producer Gas & ( 


IJarboniaing Works . 


Tons. 

160,208 
19,668 
42,486 
20,848 
12,880 


Tons. 

165,967 
20,367 
46,344 
80,732 
15,705 


Tons. 

167,160 
21,284 
48,534 
43,677 
18,736 


Tons. 

165,474 
21,024 
61,388 
68,672 
21,873 


Tons. 

166,218 
18,131 
63,628 
64,227 
24,024 


Tons. 

164,276 
20,228 
67,048 
82,886 
24,706 


Tons. 

167,820 
20,139 
69,113 
92,665 
27,860 


1 


otal . 




246,990 


269,114 


289,391 


313,281 


826,228 


849,143 


367,587 



The production of sulphate of ammonia from shale works in these 
years has all been from Scotland, and the supply is now derived 
wholly from our own district. 

The small Scottish paraffin oil industry may be looked on as part 
of the great petroleum trade of the world. 

" The Production of Petroleum in 1909," by Dr. David T. Day, 
United States Geological Survey, 1911, makes the total world pro- 
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duction of petroleum in 1909, 39,804,607 metric tons, and the output 
from the different countries is— United States, 61-24 per cent. ; Eussia, 
22-19 per cent. ; Galicia, 5-02 per cent. ; Dutch East Indies, 3-71 per 
cent. ; Koumania, 3-13 per cent. ; India, 2-24 per cent. ; and other 
places less than 1 per cent. each. 

The imports of Petroleum into the United Kingdom in 1909 were 
(Mines and Quarries, III., 1910, p. 264) :— 

Gallons. Value. 

From Russia .... 27,824,129 £535,792 
„ United States . . 268,532,909 4,190,779 

„ Other Countries . . . 61,745,829 1,394,631 

Total .... 358,102,867 £6,121,202 

The Scottish production of crude oil is 18 per cent, on the import 
of total petroleum. 

The following figures are from the " Annual Statement of the Trade 
of the United Kingdom for 1909," Vol. I. :— 



Impoets of Petroleum (1909). 




Gallons. 


Value. 


Crude Oil . . . 1,185,510 


£16,080 


Lamp Oils . . . 140,817,880 


£2,294,606 


Motor Spirit . . . 34,226,223 


£844,370 


Spirit ..... 17,697,058 


£368,322 


Lubricating Oils . . . 53,902,864 


£1,631,365 


Gas Oil . . . . . 71,586,006 


£690,186 


Fuel Oil . . . . . 32,687,326 


£276,273 



The quantity of lamp oil made in Scotland as compared with the 
quantity imported in 14 per cent. The quantity of fuel oil made is 
37 per cent, on what is imported. 

The paraffin wax imported in 1909 was 1,049,004 cwt., value 
£1,126,035. The paraffin wax exported was 348,266 cwt., value 
£407,024. The paraffin wax imported in 1910 was 53,159 tons, or 
twice the Scotch production. 

Not many years ago Scotland, with its production of about 20,000 
tons a year, was the principal source of the world's solid paraffin ; 
but now the Standard Oil Co. of America produces 100,000 tons, 
Galicia, 60,000 tons, Germany (from brown coal), 7,500 tons, and there 
are considerable quantities from Burmah and other countries. 

The paraffin candles made in the United Kingdom in 1903 were 
60,000 tons. Of these, 12,100 tons were of Scotch paraffin wax, or 
20 per cent. 

iii. Minerals Now or Formerly Used. 

Outside the shale-fields in the Calciferous Sandstone Series, shales 
and parrot coals of the Coal-measures have been used in Scotland, 
for instance in Fife, Ayrshire, and Lanarkshire. In the Airdrie neigh- 
bourhood seams were worked for oil in connection with the Splint and 
Virtuewell coals, the Mussel-band ironstone, and the Kiltongue coal. At 
Rosewell, Midlothian, there was a small oil work that formerly distilled 
an eight-inch shale, found in the middle of the Parrot Rough Coal — 
the second lowest seam now worked in the Coal-measures in that district. 

The following is a list of the principal shales worked in the Lothians, 
beginning with the highest in the geological sequence : — 
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1. The highest seam of importance formerly wi-ought in the 
Lothians was the Torbanehill or Boghead Mineral, its position being 
near the base of the Coal-measures overlying the Millstone Grit, 
Originally it was mined to some extent as a gas-coal, and it was 
used for this same purpose after it became too expensive for making 
paraffin oil. 

2. The next seam — one of the earliest shales worked — which 
measured 11 inches in thickness, and yielded 29 gallons of oil per 
ton, is in the Carboniferous Limestone formation immediately above 
the Levenseat Limestone, or separated from it by a thin parting. 
It may, perhaps, be held to represent the Pairot Coal mined at West- 
field, Fife, for eighteen years, its position being 6 feet above the 
Levenseat Limestone. Associated with the Lochgelly ironstone is a 
shale which furnished 32 gallons per ton. About 40 fathoms above 
the Hurlet Coal is a band of shale which supplied the Renfrewshire 
Oil Works, and yielded 45 gallons per ton. 

3. Raeburn Shale, or Damhead Shale, from 3 to 5 feet thick, or 
sometimes 5 to 6 feet, including the blaes or fireclay with it, has been 
wrought at West Calder, Tarbrax, and Charlesfield. At South Cobbin- 
shaw, 16 fathoms above the Raeburn Shale, there is found a shale 
called the Upper Raeburn or Fraser Shale, yielding about 30 gallons 
a ton and 29 lb. sulphate of ammonia. 

4. Mungle or Steuart Shale, 2 feet at West Calder. 

The Two-foot Coal seam, either cannel or smithy coal, was used at 
Drumcross and at Westwood. It was worked by Robert Bell at Brox- 
burn, together with 17 inches of shale — jdelding 27 gallons of oil per ton 
— and 4 inches of ironstone above this shale. At another place in the 
Broxbm'n field there were 17 inches of shale, giving 41 gallons per ton. 

5. Grey Shale of Addiewell, which was mined at that locality and 
at Kirkliston, about 1 foot 8 inches in thickness. The crude oil 
yielded much solid paraffin. 

6. Fells Shale, from 3 to 5 feet thick at West Calder and in places 
about 7 feet, mined at Addiewell, Tarbrax, Breich, Seafield, Hermand, 
and Pentland. It is the principal shale in West Calder district. 

7. Wee Shale of Oakhank, 2 feet thick ; not worked. 

8. Big Shale of Oakhank, 4J feet thick, used at Oakbank. 

9. Wild Shale of Oakhank or Lower Big Shale, Grey Shale of 
Broxburn, worked at Oakbank and Broxburn, 6 feet at Oakbank 
and at Broxburn. 

10. Curly Shale of Broxburn and Oakbank, mined at Broxburn, 
Oakbank, and Dalmeny, 6 feet in thickness. 

11. Broxburn Shale, M'Lean Shale of Oakbank, Under Shale of 
West Calder district, 4 feet thick at Oakbank, 4 to 6 feet at West 
Calder, 5 to 6 feet at Broxburn ; worked at Addiewell, Seafield, 
Hermand, Oakbank, Broxburn, Niddry, Linlithgow, Philpstoun, 
Pentland, and Dalmeny. It is the principal shale of the Broxburn 
district. 

12. Lower Wild Shale of Oakhank, 4|- feet thick, worked at Oakbank, 
represented at Broxburn by a seam 9 to 18 inches in thickness and 
from 14 to 16 feet under the Broxbm-n Shale. 

13. Champfleurie Shale (Wee Dunnet of Linlithgow district), which 
may correspond to the Lower Wild Shale of Oakbank. In veins 
in the Binny Sandstone below this seam was found the Binny 
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ozokerite, which supplied the household light of Uphall parish a 
hundred years ago. 

14. Dunnet Shale, from 6 to 12 feet thick, worked at Hermand 
by Mr. Dunnet, at West Calder, Oakbank, NewHston, Pentland, 
Burntisland, and Pumpherston. It is the principal shale of the 
Pentland, Burntisland, and Duddingston fields. 

About 10 fathoms below the Dunnet Shale a layer was found to 
the north of Broxburn, charged with petroleum and brine. (See p. 166.) 

15. Oakhank New Shale, sometimes termed the Lower Dunnet 
seam, worked at Oakbank, and at south-east part of Pumpherston 
field. About 66 feet below this horizon there is a seam 2 feet thick, 
and 22 feet fm'ther down another layer over 6 feet, both of them not 
worked at present. 

16. Barracks Shale, known also as the Pattison SJiale at Deans, 
worked at Deans and Linlithgow. At Raw Camps the Catnps Shale 
is 8 feet thick and yields 22 gallons of oil per ton. 

17. Pumpherston No. 1 or Jubilee Shale, 8 feet in thickness, now 
mined at Roman Camp and formerly at Holmes and Pumpherston. 

18. Pumpherston No. ii or Maybrick Shale, 5 feet 3 inches ; for- 
merly worked at Holmes and Pumpherston, now at Roman Camp. 

19. Pumpherston No. 3 or Pumpherston Curly Shah, 6| feet, now 
mined at Roman Camp and formerly at Holmes and Pumpherston. 

20. Pumpherston No. 4 Plain Slmle, 6| to 1\ feet, worked at 
Roman Camp and formerly at Holmes and Pumpherston. 

21. Pumpherston No. 5 or Under Shale, 4 to 5 feet, worked at 
Roman Camp and formerly at Holmes and Pumpherston. 

iv. Chemical Composition of the Valuable Shales. 

This branch of inquiry is discussed under the following heads : 
(1) The crude oil and ammonia of shales as determined in the labora- 
tory ; (2) The analyses of crude oil from the different seams ; (3) The 
general chemistry of the shales. For convenience of description 
we may apply the name " kerogen " * to the carbonaceous matter in 
shale that gives rise to crude oil in distillation. 

1. THE CRUDE OIL AND AMMONIA OF SHALES AS DETERMINED 
IN THE LABORATORY. 

Regarding the crude oil and ammonia of the different shales, it 
is difl&cult to obtain detailed information for the whole field, but 
we furnish details of selected localities which should give the reader 
a general impression of the whole. 

A noteworthy feature is the remarkable variation in the yield of 
crude oil and sulphate of ammonia of the different seams and of the 
same shale when traced across the area. For example, the Torbanehill 
Mineral itself was richer in the east part of the field than in the west, 
and it distinctly deteriorated with depth also. The Raeburn seam 
was well developed in a small area in the south-west of the shale 
district ; the Fells seam was richer in the west where other seams 

* We are indebted to Professor Crum Brown, F.R.S., for suggesting the 
term " kerogen " to express the carbonaceous matter in shale that gives rise to 
crude oil in distillation. 
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were of inferior quality. The Broxburn seam is at its best about 
Broxburn, and deteriorates all round and particularly towards the 
north-west ; and the best quality of the Dunnet Shale was found in 
the east. It would appear that each important seam has its locality 
of greatest excellence. 

The highest shale in the series, the Torbanehill Mineral, was the 
richest in crude oil, supplying 130 gallons per ton at its best, but 
only a few pounds of sulphate of ammonia. As we descend in the 
sequence there is a lower yield of oil, but an increase in the yield 
of sulphate .of ammonia. For example, in the lowest shales — the 
Pumpherston or Roman Camp group — the oil obtained averages about 
20 gallons per ton, while the sulphate of ammonia amounts to about 
60 lb., which is double the quantity of ammonia of the higher shales. 
In a basin where the oil of the Broxburn seam diminishes with the 
depth there is a slight increase of ammonia. 

Yield of Oil in Relation to Depth of Shale from Surface. 

There seems to be a general law, not without exceptions, that 
shales deteriorate with depth. This feature is very marked in the 
Linlithgow district in the case of the Broxburn seam ; very distinct 
but not so acute at Broxburn, much less apparent at Oakbank, while 
at Pentland increase of depth does not seem to diminish the yield of 
oil at all. This deterioration with depth is greatest towards the north, 
and it decreases towards the south. The kerogen may be amenable 
to pressure under heat and slightly mobile, but we must remember 
that the present thickness of strata at any particular point is no 
indication of the thickness in past geological time ; and further, we 
should bear in mind that a great load of overlying materials probably 
implied increased tempera tui-e. If pressure be looked on as the cause 
of the decrease in oil with depth, then some accidental circumstance 
has in certain cases increased the pressure near the outcrop, and in 
others diminished it at greater depths. During the folding and 
faulting that took place long after the deposition of the sediments this 
might sometimes have happened. At a sudden bend in the strata 
there is occasionally a great reduction in the yield of oil. Again, near 
a slip or fault in the strata where one might expect that the pressure 
would have been increased, plain shale 'of the ordinary seam was 
represented by curly, and the crude oil was increased from 30 to 40 
gallons. There might, however, have been a local diminution of 
pressure at the point in question. 

On an incline in the Broxburn seam, near Broxburn, samples 
were taken at varying intervals in the gradual descent which yielded 
the following results by the laboratory tube-retort. The amounts of 
crude oil obtained by this method agree pretty well with those in the 
works, but the ammonia of the laboratory tube requires to be doubled 
to give an approximate works-yield of sulphate of ammonia. In the 
following tables where the results are not marked " laboratory tube ''' 
they are either from the works-retort or the large scale experimental 
retorts that give an ammonia-yield equal to that of the works. 
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Depth, 
Vertical. 


Near 
Outcrop. 


I 


438 ft. 


821 ft. 


912 ft. 




965 ft. 


1077 ft. 


/Greatest 
1 Depth. 


Gallons 1 
Crude Oil. 1 


31-8 


29-6 


30-7 


24-1 


or,.g 


24-8 


22-5 


17-3 


13-5 


Lbs. Siilpliate 1 
of Ammonia. / 


9-3 


10-5 


10-4 


15-4 


11-6 


13-4 


9-0 


16-6 


17-1 



In another basin the figures for crude oil were in descending order, 
29-5, 31-3, 28-7, 27-3, 24-2, 23-3, 22-0, 26-1. At the greatest depth 
in this case a rise took place -where a fall was expected. 

The following results were obtained from the Broxburn curly and 
Broxburn grey seams (Laboratory tube tests) : — 

Broxburn Curly Seam. 



Broxburn Grey Seam. 



Vertical Depth. 




Crude Oil. 

(i.llls. 
2.':v77 
27-42 

2G-C7 


A mmonia 
Sulphate. 


13 Fathoms 

71 Fathoms 

109 Fathoms 


Top, 2 ft. 5 ill. 
Bottom, 2 ft. 11 ill. 

Average 

Top, 2 ft. 4 in. . 
Bottom, 2 ft. 8 in. 

Average 

Top, 1 ft. 11 in. . 
Bottom, 3 ft. 

Average .... 


LI IS. 
10-7 
19-7 


19-7 


31-12 
22-56 


19-81 
18-14 


26-70 


18-93 


22-40 
20-85 


21-98 
19-77 


21-45 


21-29 







Vertical Depth. 




Crude Oil. 


Ammonia 
Sulphate. 


13 Fathoni.=! 

71 Fathoms 

109 Fathoms 


Top, 2 ft. 11 in. 
Bottom, 3 ft. 2 in. 

Average .... 

Top, 2 ft. 9 in. . 
Bottom, 2 ft. 10 in. 

Average 

Top, 2 ft. 8 in. . 
Bottom, 3 ft. 

Average 


Galls. 
23-31 
24-90 


Lbs. 
19-23 
19-79 


23-65 


19-51 


20-37 
18-65 


19-45 
19-23 


19-49 


19-33 


23-45 
21-12 


19-77 
17-6 




22-21 


18-62 
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Yield of Crude Oil and Sulphate of Ammonia. 

Owing to the variable character of the shales it is difficult to get 
a true average sample of any seam for analysis. At first sight a bore 
core seems a perfect method of obtaining it, and yet materials got from 
bores cut within a foot of each other sometimes differ by two or three 
gallons or even more, in the yield of oil. For determining the specific 
gravity also it is not easy to get a piece representing the average of the 
whole thickness of any seam. 

The shales from the Upper Coal-measures give a crude oil of high 
specific gravity. 

Airdrie Shale from upper part of Kiltongue Coal seam, Springwell 
Colliery, gave 33 gallons of crude oil. Sp. gr. -957. Setting point 
65 degrees. Sulphate of ammonia 6 lb. (lab. tube). Monkland Shale 
32 gallons, sp. gr. -960, and sulphate of ammonia 6'3 lbs. 

Shale from Westfield, Rutherglen, 24J gallons. Sp. gr. -961. 
Sulphate of ammonia 10 lbs. These laboratory tube experiments 
give an oil with specific gravity higher than the present retort, and 
corresponding roughly to that of the old vertical retort. 

1. The Torhanehtll Mineral varied from 90 gallons or less to 130 
gallons. 

2. The Levenseat Shale (Carboniferous Limestone Series). — A 
sample tested at Broxburn gave 34 '3 gallons, sp. gr. -904, and sulphate 
of ammonia 4-3 lbs. (lab. tube). 

3. Raeburn Shale. — In the Broxburn field, in a basin to the east 
of Uphall, this seam has a thickness of nearly 4 feet, and gives 
54| gallons per ton. Sp. gr. 'SST. Sulphate of ammonia 7 lbs. 
(lab. tube). 

4. The Mungle Shale, which was worked at Gunsgreen by Messrs. 
Raeburn, yielded 35 gallons of oil per tonr and at Cobbinshaw 34 
gallons. At Middleton, Uphall, the average of 3 feet 1 inch amounted 
to 36 gallons of crude oil and 30 lbs. of sulphate of ammonia. 

5. Addiewell Grey Shale. — ^A block of this material from Westwood 
that had been weathered for thirty-five years gave 28^3 gallons. 
Sp. gr. '879. Setting points 93 degrees — which indicates much solid 
paraffin — and sulphate of ammonia 6J lbs. (lab. tube). 

At Newbigging, near Broxburn, about 4 feet of this seam contains 
28 gallons, and the overlying 11 inches, 11 gallons. Sulphate of 
ammonia 9 lbs. (lab. tube). 

6. Fells Shale. — It yields 26 to 40 gallons of crude oil and 20 
to 35 lbs. of sulphate of ammonia per ton with the retort of Young and 
Beilby. At Sandhole Pit, near Broxburn Oil Works Refinery, it was 
tried in sections. 





Crude Oil. 


Sulphate of 
Ammonia. 


Bottom, 4 inches 

Next, 13 „ . . 

4. 
™" „ " 
Top, 6 „ ... 


Gallons. 
30-1 
32-7 
50^9 
35-4 


Sp. Gr. 
•891 
•895 
•895 
•893 


Lb.s. (Lab. Tube). 

13-6 

11-3 

9'4 

7-2 



Average of 27 inches, 35-6 gallons. 
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At Holygate Bridge, Broxburn, this shale yielded 42J gallons at a 
depth of 30 fathoms, and at Loaning Hill it varies from 25 gallons to 
over 40 gallons. 

From Herman d the top part of the seam gave, in retorts at Brox- 
burn, 29 gallons of oil and 31 lbs. sulphate of ammonia, and the bottom 
part, 23^ gallons and 31 lbs. At Starlaw, on Lord Rosebery's estate. 
it yielded 35 gallons of oil per ton. 

At Pentland, in Midlothian, where this seam is about 21 feet thick, 
."2 to 34 gallons of oil per ton were generally obtained, and occasionally 
over 10, and from 19 to 20 lbs. of sulphate of ammonia. The following 
results show the variations in the Pentland field at different localities. 
The sp. gr. of the shale was the mean of determinations of several pieces 
from the same place. 



Sp. Gr. of Shale 


1-740 


1-749 


1-656 


1-744 


1-760 


Crude Oil, gallons per ton 


40-86 


39-00 


47-72 


37-40 


36-84 


Sp. Gr 


-894 


•898 


-889 


-894 


■897 


„ Setting Pt. . 


86-5° F. 


90-0° F. 


87° F. 


91° F. 


86° P^ 


Ammonia Sulphate, lbs. per ton 


24-91 


25-65 


24-76 


2'9-55 


29-5 



7. Oakhanh Wee Shale, 2 feet thick, gives 35-59 gallons of crude 
oil per ton at Oakbank. 

8. Oakhanh Big Shale, 4 feet, 22-32 gallons per ton. Nitrogen 
in it 0-720 per cent. 

9. Broxburn Grey Shale. — At Broxburn it varies from 24 to 26 
gallons. In one place it' is as low as 20 gallons, at another as high 
as 33. Sulphate of ammonia 34 to 36 lbs., and even 41 lbs. 

The Lower Big Shale at Oakbank, 6 feet, 29-34 gallons per ton. 

10. Broxburn Curly Seam, which is about 5 feet above the Brox- 
burn seam at Broxburn. The following sections are given as ex- 
amples : — 







Oil. 


Sulphate of 
Ammonia. 


One Section . 
Another Section . 
Another Section . 


Top 
Bottom . 

Average of 

Top 
Bottom . 

Average of 

Top 
Bottom . 

Average of 


Ft. In. 

. 2 8 

2 2 


Galls, per Ton. 

18-57 
28-.56 


Lbs. per Ton 
(Lab. Tube). 

19-17 

17-04 


. 4 10 


23-05 


18-21 


. 2 8 
. 1 10 


30-4 
20-12 


17-04 
14-91 


. 4 6 


26-21 


16-17 


. 2 7 
2 5 


32-67 
31-26 


19-41 
19-73 


. 5 


32 


19-56 
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Section at Crossgreen (Lab. Tube). 







Oil. 




Sulphate of 








Ammonia. 




Galls, per Ton. 


Sp. Gr. 


S. Pt. 


Lbs. per Ton. 


Bottom, 6 inches 


28-5 


■879 


84° F. 


11-8 


Next, 6 „ 


25-2 


■874 


68° „ 


14^1 


12 „ 


20'4 


•862 


78° „ 


21-0 


10 „ 


32-0 


•870 


85° „ 


19^3 


„ 20 „ 


21-1 


■875 


70° „ 


16-7 Plain. 


,, 10 „ 
Average of SJ feet . 


30-7 


•874 


66° „ 


16-7 Curly. 


25-1 


•872 


74° F. 


17^7 



At Oakbank — Top, 2 feet 9 inches, 28^0 gallons Crude Oil. 
Bottom, 1 foot 11 „ 21^12 „ 

The total nitrogen average of both top and bottom is 0^575 per cent. 

11. The Broxburn seam varies from 40 gallons per ton, which has 
occasionally been obtained as the average of the total thickness of 
over 5 feet, to 20 gallons, and in deep parts at Linlithgow about 
10 gallons. Selected parts of the shale have yielded 65'6 gallons per 
ton. The following is taken at random from many sections that 
have been tested in detail (laboratory tube) : — 





Oil. 


Sulphate of 
Ammonia. 


Ft. In. 
Bottom . . .06 
Next . ..21 
. . .09 

• • ■IS 

Top . . .0 10 


Gallons. 
27^4 
50^1 
28^4 
32^4 
27^7 


Sp. Gr. 
■874 
■893 
■886 
■891 
•897 


Lbs. 
7^0 
12^6 
13^0 
10^4 
12-5 


Average of . .54 


37 3 


11^6 



At Pentland this seam was variable, and latterly the oil obtainable 
fell off to such an extent that it was no longer mined. Yield 20 to 
24 gallons, and in places only 18 gallons ; sulphate of ammonia 20 lbs. 
The deterioration increased along the strike to the north-east. 

The following results from the Pentland field show the variation 
throughout the seam at the same place : — 







Sp. Gr. 




Oil 




Sulphate of 






of Shale. 








Ammonia. 




In. 




Galls, per Ton. 


Sd. Gr. 


S. Pt. 


Per Ton. 


1st Parting 


7 


2-151 


18^43 


■883 


87° F. 


17^14 


2nd „ 


2 


1-940 


29^27 


■883 


90° „ 


16^99 


3rd „ 


5 


1-980 


31^47 


■896 


87° „ 


21-94 


4th „ 


9 


r768 


39^20 


■896 


83° „ 


23-46 


5th „ 


12 


2193 


16^10 


•891 


82^5° F. 


21^25 


6th „ 


4 


£■260 


15^41 


■892 


85° F. 


21-57 


Total depth 


39 
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The McLean Shale at Oakhank, very little of which has been worked 
for some years, was 5 feet thick, and gave 38-40 gallons of crude oil 
per ton, and contained nitrogen 0-646 per cent. 

12. Lower Wild Shale at Oakhank, 5 feet 6 inches thick, gives 
19-25 gallons per ton. 

14. The Dunnet Seam, near Queensferry, gave 33 gallons of oil 
and 33^ lbs. of sulphate of ammonia. 

At Duddingston, where this seam is worked by the Oakbank 
Company, it gives — 



Top, 2 feet 4 inches .... 


27-99 Gallons Crude Oil per Ton. 


3 „ „ ... 


20-23 


5 „ 


34-31 „ „ 


1 „10 , 


0-78 „ ,, „ 


a „ 8 „ . . . . 


2.V38 


1 „ 5 „ . . . . 


11'20 



At Newliston one section gave- 





Oil. 


Sulphate of 
Ammonia. 


Top, 23 inches . 
Middle, 234 » 
Bottom, 23| „ 

Average of 5 ft. 10 in. . 


Gallons. 
3:2-9 
41-0 
27-0 


Sp. Gr. 

■877 
•877 
•875 


Lbs. (Lab. Tube). 
12-8 

iro 

12-6 


33-6 


•876 


12-1 



In the Broxburn field it varies in quality. At one place at 102 
fathoms, when tested foot by foot, it gave 22-7, 27-9, 22-7, 18-5, 22-0, 
20-0, 12-8 gallons. 

At Pentland, at No. 4 level, a section yielded — 



8 inches, Plain Shale ( Bottom; 
4 „ 



9* 

6 

2 
13 

3 
12 



„ Kib / 

,, Curly Shale 
„ Rib \ 

Curly Shale/ - 

Average of 5 ft. 6i in. 



Shale. 




Oil. 






Galls. 






Sp. Gr. 


per Ton. 


Sp. Gr. 


s. rt. 


2-006 


21^04 


•893J 


91° F. 


1^786 


36 ^90 


•891i 


92° „ 


1-921 


29^10 


•889} 


93° „ 


1-999 


23-27 


-886J 


92° „ 


2-262 


16^82 


-885J 


94° ,, 


r906 


34^36 


•881 


95° ,, 


2'079 


22-98 


-885 


94° „ 




25-6 


•886 


93-4° F. 



Sulphate of 
Ammonia. 



Lbs. per Ton. 
20-17 
23-10 
25-59 
24-54 

22-04 

24-87 

25-28 

24-0 



10 
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At Pentland, at No. 7 level, and therefore deeper than the pre-\aou8 
section, a section gave — 





Shale. 


Oil. 


Sulphate of 
Ammonia. 


2 feet 4 inches (Bottom) . 

2 „ 2 „ . . 

„ 6 „ . . 

1 „ ,, Curly 

Average of 6 ft. 


Sp. Gr. 
1-830 
1-733 
2-298 
1-823 


Galls. 
29-02 
42-17 
14-58 
33-00 

32-65 


Sp. Gr. 
-880 
•875 
-876 
•870 

•876 


S. Pt. 
89° i\ 
87° ,-, 

m°„ 

91°,, 


Lbs. 
22^90 
21^84 
23-54 

25 •es 


23^06 



At Pentland, at the extreme depth at the end of the -working 
road — 



13 inches (Bottom) Plain Shale . 
15 ,, Curly, partly. 

15i ,, Plain . 

15 ,, Curly, partly. 

Average of 4 ft. 10|- in. 



Shale. 




Oil. 




Sp. Gr. 


Galls. 


Sp. Gr. 


S. Pt. 


r996 


25-77 


-885 


96° F. 


1^687 


46-32 


-889 


96 J°,, 


2^120 


21-15 


-883 


94r.. 


1-945 


34-83 


•884 


98° ,, 




31-35 


-885 


96°,, 



Sulphate of 
Ammonia. 



Lbs. 
20-60 
28-06 
20-07 
20-33 

22-0 



The average yield at Pentland for some years was 28i to 29 gallons 
of crude oil and 26 to 28 lbs. of sulphate of ammonia per ton, in the 
Young and Beilby retorts. In the laboratory retort of large size 
an average of 30 gallons was obtained. The yield of paraffin scale 
from this seam was very high : 15 to 16 per cent, on the crude oil 
in laboratory analysis. Of total products from the crude oil it gave 
72 per cent, in the works. 

A seam, lower than the Dunnet Shale, which crops out near Pent- 
land Works, tried in one-foot sections, amounting to 12 feet, gave 
the following results : — 





Shale. 




Oil. 




Sulphate of 












AmmoH ia. 




Sp. Gr. 


Gall=. 


Sp. Gr. 


S. Pt. 


Lbs. 


1 


1-841 


32-59 


■886 


91f F. 


24-18 


2 


1-773 


30-46 


•888 


91|° „ 


26-72 


3 


2-092 


17-76 


•885 


9ir » 


20-11 


4 


2-100 


13-34 


-882 


92° „ 


19-73 


5 


2-238 


8-71 


-883 


90F „ 


20-02 


6 


2-128 


17-24 


•878 


92° „ 


20-13 


7 


2-09!) 


17-22 


-881 


91f „ 


21-71 


8 


2-210 


7-07 


•878 


90° „ 


21-30 


9 


2-282 


2-45 


-881 


81° „ 


20-18 


10 


2-447 


1-94 


-887 


81i° „ 


17-82 


U 


2-303 


8-02 


-884 


89° „ 


17.84 


12 


2-443 


2-18 


-880 


92^° „ 


13.89 
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At Oakbank the Dunnet Shale, when divided into two parts, 
yielded — 

Top portion, 3 ft. ins., Sp. Gr. of Shale, 1-8534, 32-80 gals. Crude Oil per ton. 
Bottom „ 2„ 8 „ „ „ 2-0845,21-60 „ 

Nitrogen, 0-629 per cent. 

15. Oakbank New Shale, 8 feet 6 inches, gi-yes 20-62 gallons of 
crude oil, and contains 0-548 per cent, nitrogen. 

16. Camps Shale at Duddingston gives 18-67 gallons of crude oil 
per ton. 

At Raw Camps it gave 22 gallons. 

The Pumpherston or Drumshoreland seams, lying about 135 
fathoms below the Camps or Burdiehouse Limestone, are 
characterised by a high yield of ammonia, with about 20 gallons 
of oil. 

17. No. 1 or Pumpherston Jubilee Seam. — In the works retorts 
it gave 208 gallonrj of crude oil ; sp. gr. -883. Setting point 81, 
and 53-75 lbs. sulphate of ammonia. In laboratory tube 7 feet at 
one place gave 172 gallons ; sp. gr. -886, and sulphate of ammonia, 
30 lbs. 

A section at south border of Holmes estate gave, foot by foot, by 
laboratory tube — 





Oil 


Sulphate of 








Ammonia. 




Galls. 


Sp. Gr. 


Lbs. 


1. Top . . . 


25-1 


-889 


17-9 


2 


20-0 


•886 


18-6 


3 


17-5 


-893 


21-7 


4 


19-8 


-883 


14-7 


5 


19-4 


-882 


14-7 


6 


27-9 


-888 


22-4 


7 

Average of 7 ft. 


24-1 


-887 


13-7 


22-0 


170 



18. No. :3 Pumpherston or Mayhrick Seam. — At one plsice at 
Roman Camp it gave 16-6 gallons of oil ; sp. gr. -875, and 32-4 lbs. 
of sulphate of ammonia (lab. tube). 

19. No. 3 or Pumpherston Curly Seam. — Tried by itself in works 
retorts it yielded 29-2 gallons in one trial, which is unusually high 
for this seam, 21-5 gallons in another. Sp. gr. -874. Setting point 
90° F. ; 52-6 lbs. in one case, 67 lbs. in another, of sulphate of am- 
monia. 

A section of 4 feet from south border of Holmes estate, tried 
foot by foot, in laboratory tube gave-^ 
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Oil. 


Sulphate of 
Ammonia. 


1. Top 

2 

3. . . 

4 

Average 


Galls. 
29-4 
17-3 
25^6 
22^1 


Sp. Gr. 
■887 
■880 
•880 
■881 


Lbs. 
16^7 
18^0 
28^0 
24^0 


23-6 


21^7 



A section at the greatest depth, No, 
in laboratory tube — 



15 level, gave, foot by foot, 







Oil 




Sulphate of 
Ammonia. 




Galls. 


Sp. Gr. 


S. Pt. 


Lbs. 


1. Top . 


1593 


■878 


79° 


42^2 


2 


24-76' 


■878 


79° 


3o^87 


3 


15-56 


■886 


78° 


4431 


4 


11-1 


■888 


79° 


44-31 


5 


12^3 


•888 


78° 


42^2 


6 

Average of 6 ft. . 


8-48 


■888 


78° 


42^2 


14^7 


41 •84 



There is a thin stratum near the top of this seam containing fish 
remains which gave 35^16 gallons. Sp. gr. •SGS. Setting point 87. 
Sulphate of ammonia 2r7 lbs. (lab. tube). 

20. No. 4 or Pumpherston Plain Seam. — In -works retorts it gave 
by itself 27 gallons of crude oil and 70 lbs. of sulphate of ammonia. 

A section, foot by foot, near south border of Holmes estate, gave 
in laboratory tube 11-7 to 30-9 gallons of crude oil and 15 to 32 lbs. 
of sulphate of ammonia. 

A section at greatest depth, from No. 15 level, yielded, foot by 
foot, 9 to 26 gallons and 36 to 45 lbs. respectively. 

21. No. 6 Pumpherston Wee or Under Shale. — A section of 5| feet, 
taken in five equal parts, gave in laboratory tube — 







Oil. 




Siil|)]iate of 
Ammonia. 




Galls. 


Sp. Gr. 


s. rt. 


Lbs. 


1. Top . 


8-48 


-884 


80° 


33-06 


2. . . . 


14-13 


■885 


78° 


29-86 


3. . . . 


31-4 


■883 


73° 


23-53 


4 


2:',-i 


-884 


75° 


26-13 


5 

Average, 5J ft. . 


12-48 


-876 


78° 


26-66 


18 


29 



Analyses of Scottish Shales. 153 

Sections taken from layers between the seams yielded 6 gallons 
of oil and 30 lbs. of sulphate of ammonia. 

A section stretching from the No. 4 or Plain to No. 5 or Wee 
Seam, taken foot by foot going downwards, gave 17-78, 13-44, 14-51, 
11-12, 12-51, 5-41, 5-22, 5-80, 586, 13-36, 5-15, 5-31, 5-53, 11-32, 
24-80, 23-87, 1232, 1668, 7-77, 10-72 gallons of oil, and 33-76, 33-76, 
33-76, 33-76, 29-54, 2584, 25-32, 27-68, 31-56, 31-56, 31-64, 33-7, 33-7, 
28-48, 23-20, 22-78, 22-98, 23-21, 35-84, 27-43 lbs. of sulphate of am- 
monia respectively. 

A section of 7 feet tried between the No. 1 or Jubilee and No. 2 
or Maybrick Seams gave, foot by foot, beginning at the top, gallons 
per ton 80, 96, 163, 70, 11-8, 11-8, 80, and sulphate of ammonia 
corresponding, 260, 32-5, 28-4, 25-0, 31-2, 26-3, 25-5 lbs. per ton. 
Sp. gr. of oil -870. Setting point 69° F. 

Some companies have worked as shale a considerable proportion 
of the intermediate strata between the recognised seams. 

The following analyses of Scottish shales are by Messrs. Mingaye, 
White & Greig, of the New South Wales Department of Mines La- 
boratory, and are quoted from the "Memoirs of the Geological Survey 
of New South Wales : The Kerosene Shale Deposits of New South 
Wales," by J. E. Carne, F.G.S. These have been arranged according 
to their geological positions from above downwards, and the seams 
are numbered as in previous chapters. ^ 
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2. ANALYSES OF CRUDE OILS FROM VARIOUS SHALES. 

From the Upper Coal-Measures and Carboniferous Limestone- 



Annick Lodge, Ayrshire. 


Blackstone, 
Renfrewshire. 


Levenseat Shale — 

(Which gave iu Works 

Retorts 34 Gallons 

Crude Oil). 


Crude Oil, Sp. Gr., -893 

*S. Pt., Sli-F. 

Naphtha 

Burning Oil, Sp. Gr., -810^ 

Lubricating Oil, ,, -870 

Paraffin aoale,t M. Pt., HO°F. 

Bottoms 

Total Products . 
Loss in Refining . 


15-92% 

41-37,, 

12-91 „ 

1-06,, 


Sp. Gr., -909 
S. Pt., 78°F. 

Sp. Gr., -8074 23-96% 

■887 29-76,, 

M. Pt., 113°F. 9-07,, 

1-27,, 


Sp. Gr., -873 
S. Pt., 67°F. 

Sp. Gr., -730 2-54% 
•810 38-00,, 
•885 24^20„ 

M. Pt., 120''F. 6^50„ 


71-26% 
28-74,, 


64-06% 
35-94,, 


71-24% 
28-76 „ 



Torbanehill mineral gave 44 per cent, of crude oil, and 1 to \\ per 
cent, of crude paraffin. Distilling the crude oil in the laboratory, 
100 parts by measure and -890 sp. gr. gave after distillation 90-4 per 
cent., sp. gr. -861. After treatment with 5 per cent, brown vitriol-i 
there was 80-4 per cent., sp. gr. -850. After caustic soda treatment 
there was 77-5 per cent., sp. gr. -844. We may compare these losses 
with a modern crude oil — 



Torbauehill Mineral Crude Oil. 


Philpstoun Crude Oil 
for Comparison. 


Sp. Gr. of Original Oil . . -890 
Loss hy 1st Distillation . .9-6% Sp. Gr., -861 
Lossby5%B.V. . . . lO^O,, „ •8.'J0 
Loss by exces.s Caustic Soda . 2-9,, ,, '844 


Sp. Gr., -873 

6-22% „ -859 

13-92,, „ -842 

1-18,, „ -843 


Loss by 1st Distillation and) oo.co/ 
Treatment. J ^^ °/= 


21-32% 



Mr. Iltyd Redwood % gives the yield of solid paraffin from Boghead 
coal as 22 lbs. per ton of coal, or 0-98 per cent. ; about 2 per cent, 
on the crude oil. 

* S. Pt. ^Setting Point. t M. Pt. =Meltiiig Point. 

t "Mineral Oils and their By -Products," p. 6. 
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Broxburn Scam, at 


Broxburn Seam, at 


Broxburn Seam, at 


Bj'oxburn Scam. 




Broxburn. In Hender- 


Broxburn. In Render- 


Pentland. 






son's 1873 Retort. 


son's 1889 Retort. 


Young & Beilby Betort. 


Crude Oil, Sp. Gr. . 




■866 




■871 




■884 




Settiii- Pt. 






74-F. 




83°F. 




89°F. 


Naphtha, Sii. Gr., 


■730 . 




3^30% 




vis.: 






Buminif Oil, „ 


•810 




40^69„ 




S0-2:j„ 


■807 


19-40 ,, 


Medium Oil, ,, 


■840 . 




0-70,, 










Lubricating Oil, 


•80,5 . 
■885 . 




0^70„ 
10^13„ 




8-41,, 
17-24,, 


1 ■880 


34-02,, 


Solid Paraffin . 






10^02„ 


M. Pt., 116-F. 


11-61,, 


M. Pt., 116°F. 


14-56,, 


Bottoms . 

Total Products 














2-47,, 




71^60„ 




to-27„ 




70-54,, 


Loss in Refining 






28^50„ 




30^73„ 




29-46,, 


Dunnet Seam. 




Dunnet, Pentland. 


Dunnet, Broxburn. 


Dunnet, Queensferry. 


Crude Oil, Sp. Gr. . 


■870 




■S7-2 




1 
•iTO 


Setting Pt. 






84-F. 




89-F. 


!l:j"F. 


Naphtha, Sp. Or., 


■740 . 


■778 


•I'Or.y 




i'3o;; 




2-37;^ 


Burning Oil, ,, 


•810 


■SU7 


2114,, 




srco,. 




31-98,, 


Medium Oil, 


■840 . 








4-86„ 




3-20,, 


Lubricating Oil, ,, 


■866 
■885 . 


} -876 


3f01„ 




10^30„ 
10^08„ 




12-15,, 
1113,, 


Solid Paraffin . 




M. I't., IH-F. 


10-82,, 


M. Pt., 116''F. 


W62„ 


M. Pt., 116-F. 


11-59,, 


Bottoms . 

Total Products 






1'83,, 












76^45„ 




68-72„ 




72-42,, 


Loss in Refining 






24^65„ 




31^28„ 




27^68„ 


Pumpherston Seam. 


Mixed from Holmes. 


Mixed from 
Pumpherston. 





Mixed from 
Roman Camp. 


Crude Oil, Sp. Gr. . 




■867 




■876 




877 




Setting Pt. 






76°F. 




73'F. 




84"!'. 


Naphtha, Sp. Gr., 


■730 . 




1-71% 




0^68Z 


■740 


1'86% 


Burning Oil, „ 


■812 . 




36^28„ 




S0^63„ 




810 


28^79„ 


Medium Oil, 


, 


■840 . 




2^76„ 




l-78„ 




840 


9-18„ 


Lubricating Oil, 


, 


■866 . 




1'38„ 




8-93„ 




805 


1^88„ 


1) >» 




■876 . 




3-76„ 






■885 


18^37„ 


,, „ 




■886 . 




14-13,, 




18^33„ 






Par. Scale 

Total Products 




M. Pt., llSj'F. 


9^83„ 


M. Pt., 115"P. 


11^66„ 


M. Pt., 116T. 


10-04,, 




69^86„ 




71-91,, 




70-12,, 


Loss in Refining 






30^15„ 




28^09„ 




29-88,, 



The results of crude oil analyses are not absolute, so that difEerent 
analysts obtain somewhat difEerent figures for the same oil. 



3. GENERAL CHEMISTRY OF THE SHALES. 

The Chemical Composition of Shale. 

The' ultimate composition of the organic matter in the Broxburn 
seam with dried shale (which had contained 2-72 per cent, of moisture) 
was— carbon, 19-12 per cent. ; hydrogen, 2-94 per cent. ; nitrogen, 
0'54 per cent. The nitrogen, if it were possible to convert all into 
ammonia, corresponds to 57 lbs. of sulphate of ammonia per ton, 
or 2-55 per cent. 

The proximate composition of shale, not dried, by ignition in a 
closed crucible was — volatile matter, 25'5 per cent. ; fixed, 74'5 
per cent., of which 4'95 was carbon and 69'55 ash ; sulphur by Carius's 
method, 1'44 per cent. 
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The nitrogen of four pieces of the Broxburn seam taken at random 
from the breaking machine amounted to 0-94 per cent., 0'61 per cent., 
0-52 per cent., and 0-66 per cent., and corresponding to 99, 64, 55, 
and 70 lbs. respectively, of sulphate of ammonia per ton. 

A good fragment of the Broxburn seam gave in a small glass 
tube 42 gallons of crude oil to the ton or 16'5 per cent. ; sulphate 
of ammonia, 26' 88 lbs. per ton, or 1'2 per cent. The nitrogen was 
accounted for as follows : — 

Total Nitrogen in the Shale = 303 per cent, of Siil. Amm., or 67'87 lbs. per ton. 
In the Crude Oil . . = 0-76 „ „ 1711 „ 

In the Ammonia Water . = 1'2 „ „ 26'88 „ „ 

In the Spent Shale . . = 0-86 „ „ 19-27 „ 

Unaccounted for . .=0'21 „ „ 4'61 „ „ 

The portion imaccounted for was probably nitrogen that had been 
converted into the elementary state by the high temperatiire. No 
steam had been used in the distillation. 

The Broxburn seam at Mid-Calder contained 0-70 per cent, of 
nitrogen, equal to 74 lbs. sulphate of ammonia per ton of shale. The 
oil contained nitrogen equal to 15 lbs., the water equal to 36 lbs., 
and the spent shale and loss equal to 23 lbs., to make up the total 
of 74 lbs. of sulphate of ammonia (Beilby). 

A piece of the Broxburn Curly Seam gave 0'96 per cent, nitrogen, 
equal to 101 lbs. sulphate of ammonia per ton. 

The Broxburn seam at Pentland contained 24 per cent, volatile 
matter and 76 per cent, spent shale. The volatile matter was made 
up of 10'6 per cent, oil, 7'5 per cent, water, and 5'9 per cent, gas and 
loss. The spent shale consisted of 5-2 per cent, carbon and sulphur, 
and 70-8 per cent, mineral ash. The crude oil was equal to 27 gallons 
per ton. The total nitrogen was equal to 48 lbs. sulphate of ammonia 
per ton. It was distributed in the products : as sulphate of ammonia, 
got from the water, 23 lbs. per ton ; nitrogen, in the oil, equal to 

12 lbs. sulphate of ammonia per ton ; and in the spent shale and loss, 

13 lbs. 

Mr. Hope, Chemist to the Oakbank Oil Company, kindly sends the 
following nitrogen determinations of Oakbank Shales : — Big shale, 
0-720 per cent, nitrogen ; curly shale, 0-575 per cent. ; M'Lean's 
shale (or Broxburn seam), 0-646 per cent. ; Duimet, 0-629 per cent. ; 
and new shale (8 feet 6 inches thick, giving 20-62 gallons crude oil 
per ton), 0-548 per cent, nitrogen. 

In the Dunnet seam at Pentland 25-72 per cent, of volatile matters 
were obtained, and 74-28 per cent, of spent shale. The volatile 
material consisted of 12-70 per cent, oil, 6-47 per cent, water, and 
6-55 per cent, gases and loss. The spent shale consisted of 8-37 per 
cent, carbon and sulphur, and 65-91 per cent, mineral ash. The crude 
oil amounted to 32-27 gallons per ton. The total nitrogen was 0-49 
per cent., equivalent to 51-74 lbs. per ton. It was distributed in the 
products thus : as sulphate of ammonia from the water, 22 lbs. per 
ton, and nitrogen in the oil equal to 15-0 lbs. ; and in the spent shale 
and loss equal to 14-74 lbs. In a sample of a Pumpherston seam 
at Eoman Camp the total nitrogen was 1-72 per cent., equal to 182 lbs. 
ammonia sulphate per ton. A small laboratory tube, with super- 
heated steam passed in, gave 73 lbs. of ammonia sulphate per ton, 
with the same sample of shale. 
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Sulphur. — The total sulphur in difEerent samples of the Broxburn 
seam, 1-58 per cent., 1-32 per cent., 1-4. 



Broxburn Seam 
Jubilee Seam . 
Curly (Pumpherston) 
Plain „ 

Wee 



Sulphur as 
Sulphate. 



Per Cent. 
0-15 
0-15 
0-19 
0-12 
0-05 



Total Sulphur. 



Per Cent. 



•32 
•17 
•88 
•79 
•43 



A sample of Dunnet Shale from Burntisland gave total sulphur 
r32 per, cent. Another sample of it gave 1^68 per cent, sulphur. 

The ash determined in the spent shale from Broxburn seam after 
distillation in the Henderson (1873) retort -was — SiHca, 49^72 per 
cent. ; ferric oxide, 16"8 per cent. ; alumina, 18^8 per cent. ; lime, 
2^4 per cent. ; magnesia, 2^2 per cent. The carbon, alkalies, and 
sulphuric anhydride were not determined. Another determination 
of the spent shale from the Broxburn seam gave — Moisture, r07 
per cent. ; carbon, 5'38 per cent. ; silica, 55^97 per cent. ; alumina, 
31-21 per cent. ; ferric oxide, 2^84 per cent. ; lime, 0^59 per cent. ; 
magnesia, 1^87 per cent. ; soda, 0^62 per cent. ; sulphuric anhydride, 
5'06 per cent., making a total of 104-61 per cent. 

Dr. Mills ("Destructive Distillation," 4th ed., p. 50) gives the com- 
position of ash of good average shale as — Soluble in -water (containing 
0-92 sulphuric oxide, SO3), 8-27 per cent. ; silica, 55-60 per cent. ; 
ferric oxide, 12-23 per cent. ; alumina, 22-14 per cent. ; lime, 1-55 per 
cent. ; magnesia, trace ; sulphur, 0-94 per cent., making a total of 
100-73. Total sulphur in shale, 180 per cent. Total sulphur in 
ash, 1-31 per cent. 

The solubiUty of shale in solvents varies -with the solvent. Brox- 
burn shale with ether yielded 1-66 per cent, soluble, with shale 
motor spirit 1-79, with carbon disulphide 2-04, with motor spirit and 
ether r95. The following results are from a mixture of light shale 
spirit and ether, half and half, in a Soxhlet apparatus. 

Broxburn Shalp ..... 
Solid bitumen from Dunnet Mine, Broxburn 
Albertite from Dunnet Shale, Dunnet Mine, Broxburn 
Shale, New Brunswick .... 
Hard or brittle albertite. New Bruns-wiok 
Maltha, New Brunswick .... 

The soluble matter on evaporating off the solvent was in general 
like native petroleum. 

The Torbanehill Mineral. 

As already indicated, the Boghead or Torbanehill Mineral was the 
first substance used in Scotland for paraffin oil making, and torbanite 
is by far the best yet discovered for that purpose or gas making. 

There have been several important lawsuits in this country and 



1-95 per 


cent. 


98^75 


,, 


4-54 




233 




5^04 


.•» 


36-82 
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one in Germany to determine the question whether torbanite should 
be regarded as a coal or shale. No doubt, in the strict scientific 
sense, it is a very rich shale. It differs from coal in having a larger 
proportion of hydrogen in its composition, and in not leaving a coke 
on distillation. In ordinary gas coal the proportion of carbon to 
hydrogen is 100 to 10. With Torbanehill Mineral it is 100 to 14. 
When heated in a retort or covered crucible the hydrogen unites 
with the carbon so as to carry it away as vapour or gas, and the residue 
left is not a coke, such as coal would give, but ash with a small pro- 
portion of carbon — a spent shale, in fact. The volatile products 
contain a larger proportion of hydrogen atoms than 1 of carbon to 2 
of hydrogen. 

The Torbanehill Mineral is of a brown or nearly black colour, 
having a yellow or fawn-coloured streak without lustre, and sub- 
conchoidal fracture. It shows parallel banding by splitting, and, 
although homogeneous in appearance in the fresh state, shows strati- 
fication when spent in the retort. It is non-electric. It is a mass 
of carbonaceous matter without structure mingled with stems or roots 
of trees showing structure ; and the fossils were found throughout 
the bed and not merely on the surfaces of seams, as is general with 
coal. It contained impressions of Sigillaria and Stigmaria, and 
the fireclay under it, about 5 inches thick, contained Stigmaria (E. W. 
Binney, F.G.S., of Manchester, in " Ure's Dictionary of Arts, Manu- 
factures, and Mines," 7th ed., I., p. 408). The microscope showed the 
scalariform tissue of tree ferns (Prof. J. H. Balfour, in Gillespie v. 
Russel, Session Papers, 1854, p. 486 ; Pharm. Journ., 1853-4). There 
were no fish remains. When being mined or broken up it had a gaseous 
smell, but afterwards, when breathed on, it had a clayey odour. 
Pounded and moistened and worked with the hand, it was cohesive 
enough to make a brick. It was very indestructible, and did not 
deteriorate much with weathering. The seam itself was covered by 
a close compact roof of cementstone and shale, perfectly water- 
and air-tight. This covering had perhaps some connection with 
the formation and preservation of the mineral after submergence 
("Ure's Dictionary," 7th ed., I., p. 409). Near basalt dykes it 
became a soft, sticky, brown substance resembling melted india- 
rubber. In the vertical retorts it sometimes stuck as a buttery 
mass, and would afterwards fall through the vacancy that had formed, 
into the water lute below, and when taken out was plastic Uke putty. 
Tested in the labbratory, it takes fire readily, splits, but does not 
fuse, and burns with an empyreumatic odour, giving much smoke, 
and leaving a considerable amount of white ash. Artists found 
the ash to be a most satisfactory and imperishable base for colours 
for fresco-painting. 

The mineral varied throughout the field, and in different layers 
at the same place. Sp. gr. ri7 to 1-316. Dr. Pyfe found volatile 
hydrocarbons 669 to 70-1 per cent. ; fixed carbon, 6-6 to 16-3 per 
cent. ; ash, 12-8 to 23-2. The specific gravity was not in propor- 
tion to the ash. Graham found 22 per cent, ash, with 1-28 sp. gr., 
and 30 per cent, ash, with 1-22 sp. gr. (Gillespie v. Russel). The 
combustible part is therefore variable in its nature. Johnston 
found the black variety to have 21-3 per cent, ash, and the brown 
24' 3 per cent. ash. In distilling, the distillate was shghtly acid at 
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the beginning, becoming alkaline further on. A sample mined fifty 
years ago was tested recently in the laboratory with the following 
results, per cent. : moisture 0-04, volatile matters 70-63, fixed 
carbon, 7-94, and ash 21-39. 

The ultimate composition is (Gillespie v. Russel, and " Ure's 
Dictionary of Arts, Manufactures, and Mines," 7th ed., I. 408) :— 





Stenhousc. 


Anderson. 


Fyfe. 


Graham. 


Carbon 


65-T2 


64-02 


60-25 


63 


Hydrogen . 


9-03 


8-90 


8-8 


9-1 


Nitrogen . 


0-72 


0-55 


1-533 


1 


Sulphur . 




0-50 


0-13-0 


I 5-5 


Oxygen 


4-78 


5-66 


3-62 


Ash . 


]Lf75 


20-32 


25-6 





Other analysts give total carbon 60 to 65 per cent. ; hydrogen 7i 
to 9 per cent. ; oxygen 4 to 6 or 8 per cent. 

The ash, according to Stenhouse, contained in 100 parts, silica 
58-51, alumina 33'65, sesquioxide of iron 7-0, potash 0-84, soda 0-41, 
and traces of lime and sulphuric acid. Hofmann found in 100 parts, 
silica 56-7, alumina 36-2, sesquioxide of iron 3-2, lime 1-3, magnesia 
0-4, potash, 1-2, soda TO, with traces of sulphuric acid (Gillespie v. 
Russel). Anderson found silica 56-09, alumina 40-04, peroxide of 
iron 3-24, lime 0-34, magnesia 0-46, total 100-17 ; no sulphuric acid. 

In the Torbanehill Mineral we have from 20 to 30 per cent, of 
clayey matter, mixed with carbon compounds of complex constitu- 
tion, which are not soluble in benzene, turpentine, carbon bisulphide, 
or petroleum spirit, and they are therefore not of the nature of petro- 
leum, resin, or true bitumen ; at any rate, only a very small propor- 
tion is soluble. It gives petroleum-like products by distillation at 



a gentle heat. 



Throughout all coaly or bituminous strata in all countries there 
are resinous-looking bodies known as spores. Under the micro- 
scope the combustible matter of the Torbanehill Mineral is described 
as having rounded particles ^J^th to 2^*^ o^ ^^ i^ich in diameter, 
with radiated internal structure. Redfern describes the masses as 
yellow, rounded and flattened above and below, ^^xiyth to ^^th 
of an inch in diameter, set in a dark-brown matrix. He found also 
yellow particles distinctly angular and polygonal, uniformly xTtnrth 
of an inch across. The yellow spots in vertical sections appeared 
striated, while horizontal sections showed no stria tions. Torbanite 
shows more structure under the microscope than cannel coal. 

The French authorities, Bertrand and Renault, followed later 
by Professor Potonie of Berhn, have maintained that torbanite in 
general is made up of microscopic colonial gelatinous green algae; that 
these differ in different climates and circumstances, the genus Pila 
characterising the northern hemisphere and Reinschiathe southern ; and 
that immense numbers of bacteria are present, especially micrococci. 

Professor E. C. Jeffrey, in the Proceedings of the American Academy 
of Arts and Sciences (vol xlvi., No. 12), asserts that the thinner micro- 
scopic sections prepared by improved methods, reveal the presence. 
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not of algse, but of spores of vascular cryptogams, and says that the 
spore structure is more pronounced in American and Scotch Boghead 
coals than in the bituminous schists originally investigated by Bert- 
rand and Kenault. His method of working and the thinness of his 
sections enabled him to make serial sections of the one spore ; and 
he considers it beyond question that he has resolved, for instance, 
Pila scotica of the Scottish Boghead into spores of vascular crypto- 
gams, made evident by their possession of the triradiate ridge char- 
acteristic of tetrahedral spores. In the Boghead Coal, Dr. Aitken 
found spores of ferns in clusters, and the same in the Capeldrae seams 
and other coals.* 

Notwithstanding these observations, microscopical appearances 
are somewhat indefinite, and there seem to be investigators who 
think that, after all, the carbonaceous matter may yet be proved to 
be of inorganic origin (A. C. Seward in " The Kerosene Shale Deposits," 
by Came, p. 64). Some authorities are of opinion that the carbon 
compounds are in combination with the clayey matter. The com- 
pound^ present has been compared to the combination that takes 
place between Florida fuller's earth and the unsaturated hydro- 
carbons of petroleum, got by filtering petroleum through that earth ; 
but the hydrocarbon can only be got from the Boghead mineral by 
distillation, while the fuller's earth gives up its hydrocarbon quite 
freely when brought into contact with hot water. The combination, 
so far as it exists, is of a closer kind. 

James M. Petrie, D.Sc, has examined the oil from the Torbanite of New 
South Wales, in the Chemical Laboratory of the University of Sydney ( J.S.C.I., 
1905, p. 996). The richest Joadja Creek Shale analysed by W. A. Dixon has — 

Carbon . . .. 75-32 

Hydrogen . . • 1205 

Oxygen .... . 5'49 

Nitrogen . . . 028 

Sulphur ...... 031 

Ash .... 6-55 

100 00 

The ash has percentage composition SiOj 77-12; Al,O3 2014; FejOg 076 ; 
CaO 0-30 ; MgO 0-45 ; P2O5 0-65. Vanadic oxide was found by Mmgaye O'Ol 
per cent. In the ash of Scotch Shale as much as 0-12 per cent, has been found. 
The ratio of volatile to fixed carbon in the richest N.S.W. torbanite is 16 to 1, 
ash 6 per cent., while in torbanite of Scotland the ratio is 8 to 1, and ash 20 per 
cent. Sp. gr. of N.S.W. average shale is 12, the richest I'OOS. There is soluble 
in ether 0'3 per cent. Distilled in the works the crude oil sp. gr. is '9035, colour 
dark brown, with greenish tint by reflected light. Of solid paraffin 9 per cent. 



* Information as to facts and theories, both old and new, may be founi in 
" The Kerosene Shale Deposits of New South Wales," by J. E. Came, F.G.S., 
more particularly referred to at p. 153 of this chapter. (See pp. 14, 60, 63, 72.) 
E. Bertrand and B. Renault have each ^vritten many papers. Renault has " a 
monumental work," " Sur Quelques Organismes des Combustibles Possiles." 
Bulletin de la Societe de V Industrie Mlinerale, Series 3, Tome 13, 4me. Livraison 
1899 ; Tome 14, Ire. Livraison, 1900. Bertrand recently described the views 
of Renault and himself in " Notions Nouvelles sur la Formation des Charbons 
de Terre," Revue du Mois, 3, No. 15, pp. 323-41, Paris, 1907. 

H. Potonie, "Die Entstehung der Stcinkohle und verwandter Bildungen 
einschliesslich des Petroleums." Vierte verbesserte und crweitcrte Auflaee 
Berlin, 1907. ' 
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is got in cold weather. The crude oil has composition per cent. : carbon 86-93 ; 
hydrogen 11-96; nitrogen by Kjeldahl method 0-68; sulphur 0-373. The 
crude oil is a mixture chiefly of paraffins and olefines. The lightest distillate 
contains 70 per cent, olefines. As the boiling point rises the olefines gradually 
decrease ; at 280° C. they disappear. Oil distilling between 280° and 400° C. con- 
sists almost entirely of paraffins. Benzenes and naphthalene are in the crude 
oil in small quantities ; also phenols in notable quantity and pyrrol and chrysene 
are present. 

The following notes on New South Wales Shale have been kindly sent me 
by Mr, John Woodrow, London, who had practical experience in refining the oils 
of these shales : — 





Hartley 

Best Shale. 

(Export.) 


Hartley Re- 
torting Shale. 


Capertee Re- 
torting Shale. 


Capertee 
Splint. 


Moisture 
Vol. matters . 
Fixed Carbon 
Ash , . . 

Sulphur 

Sp. gr. of Shale . 


1-02. 
75-2 
15-3 

8'48 


0-85 
45-32 
31-27 
22-56 


1-15 
46-52 
32-13 
20-20 


1-4 
28-9 

6-3 
63-4 


100-0 


100-0 


100-0 


100-0 


0-3 
1-008 


0-41 
1-263 


0-25 -0-68 
1-218-1-497 





At Hartley there were 3^ to 4 feet of rich shale with 10 inches or so of inferior 
shale below, which, having no parting, had to be removed by axe. 

At Capertee there were 5 J feet of good shale with 4 inches splint below and 6 
inches above, besides other shale and splint. 

Hartley best shale distilled in horizontal retorts -vrithout steam produced 
120 to 160 gallons of crude oil per ton. Sp. gr. -855. S. pt. 58° P. (31.6° C). 
Pale colour, sweet smell and easily refined. Capertee best shale in horizontal 
retorts -without steam yielded 90-95 gallons crude oil. Sp. gr. '866. S. pt. 
58° F. (31-6° C). A good oil, but inferior to Hartley. The horizontal retorts were 
made of boiler plate 6' x 6' x 2' 2", and it took tlrree days to work off a charge. 
Hartley Shale withdrawn from the retort and cooled when half distilled was like 
a piece of stiff rubber. 

The rich shales mentioned were sold for gas making. Poorer shale at Hartley 
above and below the rich seam was retorted, yielding 44-9 gallons crude oil, sp. gr. 
•890, and S. pt. 70° F. (38° C), sulphate of ammonia 3J lbs. The crude oil vielded 
per cent. : spirit, ("720 to -780), 4-02 ; burning oil, (-800), 10-2 ; gas oU, ("-850 to 
•860), 16-98; blue oil, (-900), 4077; crude paraffin scale, 441; coke, 3-59. 
Total products 7997, and loss in refining 2003. Coals used at retorts 6-29 cwt. 
per ton of shale. 

Capertee retorting shale, in vertical retorts, produced 48 gallons crudr 
oil, sp. gr. -900-5, S. pt. 72° F., ammonium sulphate 105 lbs. per ton. The 
marketable products, percentage on crude oil, were : spirit, (730-00), 12 ; gas oil, 
(-850), 58-0; heavy blue oil, (-935), 16-4; paraiSn scale M. pt. 122-3° F., 41; 
products 79-7 and loss 20-3. 

At Capertee the splint was kept apart from the retorting shale, as the distillate 
from it is a sticky resinous substance which blocks up the condenser pipes, and 
gives a persistent yellow colour to the solid paraffin, making it impossible to 
refine to whiteness. 

The shale output in N.S.W. in 1908 was 46,303 tons. Two great companies 
have now taken up the manufacture and are erecting modern retorts and refineries. 

Nature and Origin of Kerogen in Oil-Shale. 

We will now proceed to consider the nature of kerogen * — the 
valuable material in oil-shale — and its probable origin. 
* See p. 143 for definition of kerogen. 
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In the oil-shale, as in the Torbanehill Mineral, paraffin and 
paraffin oil do not exist as such : they are created by the de- 
structive distillation in the retorts. There is very Httle in 
shale soluble in petroleum spirit, benzene, carbon disulphide, 
ether, and such solvents. Our substance is therefore not of the 
nature of petroleum or bitumen or resin. All hydrogen and carbon 
compounds produced by inorganic reactions are soluble in these 
solvents, and this makes it almost certain that kerogen is of 
organic origin. 

The material has probably been deposited, together with clay, at 
the bottom of lagoons, and has there been subjected to maceration 
and limited microbe action. Part would decompose and only what 
could withstand the water, &c., would remain. We can imagine a 
plant or plant-organ decaying and leaving only the wax or fat that 
was originally meant for its protective covering, or perhaps some 
resinous excretion or secretion. But this would give us materials 
soluble in our solvents, and might account for the origin of petroleum 
or bitumen, but not for kerogen. 

Some shales are largely made up of entomostraca, and it is prob- 
able that the animal matter has in some cases been converted into 
kerogen. We can imagine kerogen being produced from any kind of 
organic matter by the action of microbes under special circumstances, 
the product being dependent on the microbe. Or, on the other hand, 
kerogen in some cases may be the remains of certain kinds of vegetable 
matter, like pine pollen or lycopod spores, perhaps little altered, the 
product being dependent on the nature of the original organic matter. 
Surmising that kerogen might be some such substance not much 
altered, we tried to make artificial shale. Dried Florida fuller's earth 
was taken, 75 parts, and lycopodium spore dust, 25 parts, to represent 
the supposed lycopodiaceous Lepidodendron spores from our forests 
by the lagoon, and the mixture was moistened and made into a brick 
with gentle heat. It was then broken up and distilled in a laboratory 
retort. Crude oil was obtained equal to 23"8 gallons per ton, sp. gr. 
•930, and setting point 35°!'. (2° C), and sulphate of ammonia 3'3 lbs. 
per ton. It was found, however, that lycopodium dust, treated with 
benzene CgHj, Soxhlet fashion, gave up 21 per cent, in solution, 
which, on evaporation of the benzene, yielded a yellow-brown viscous 
oil. After thorough extraction of the oil in this way, the remaining 
insoluble matter of the spore dust was taken and made into a brick as 
before, and in the proportion of 25 per cent, of the original dust. On 
retorting, crude oil was obtained equal to 17 gallons per ton, sp. gr. 
"930, and sulphate of ammonia 1 lb. per ton. The crude oil, specific 
gravity and setting point, and the amount of ammonia agreed very 
well with the figures got from the Torbanehill mineral and the higher 
shales. 

Others have ascribed the organic matter in shale to lycopodiaceous 
spores, and it is quite reasonable to consider that such material 
contributed to some extent at least to the formation of the Tor- 
banehill Mineral and oil-shale. 

As peat gives paraffin products on distillation very like those of 
shale, it is probable that shale contains ordinary vegetable or organic 
matter that has undergone decay to substances of a humic acid nature, 
which have been rendered insoluble and preserved by chemical com- 
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bination with the metallic oxides of the clay or water, the alumina, 
lime, &c. 

Oil-shale, therefore, may be composed of (1) vegetable matter which 
has been made into a pulp by maceration in water and preserved by 
combining with the salts in solution as already mentioned ; (2) richer 
materials of many kinds, such as spores, which nature has provided 
with means for protection against decay ; and (3) a proportion of 
animal matter. 

In accounting for the differences between the different shales, and 
between shale and torbanite, &c., we must remember that during the 
deposition of the sediments, as the lapse of time was very great, the 
climate must have varied to some extent, and the algae and plankton 
generally of the lagoon must have changed also, together with the 
shore vegetation, producing pollen, spores and seeds. The differences 
and varieties may have arisen from changes in the proportion or 
nature of the humus, the spores, and the animal matter. And there 
are also the modifications produced by age, and the different conditions 
to which they have been subjected during their long history in the 
earth, such as warmth from depth or from proximity to intruded 
igneous rock. 

Again, shale may be considered as torbanite containing a larger 
proportion of earthy matter from its original deposition, or perhaps 
shale is simply a torbanite that has deteriorated with age. For, as 
already indicated, the crude oil diminishes and the ammonia increases 
as a general rule with the age of the shale. In old peat the proportion 
of nitrogen is sometimes, if not always, greater than in new peat of the 
same bog, owing to the nitrogen-free compounds decaying more rapidly 
than the nitrogenous compounds under the special circumstances. 
Recent plants subjected to destructive distillation yield a very acid 
distillate, peat less so, brown coal still less, while Torbanehill Mineral 
has a distillate slightly acid at the beginning and alkaline further on, 
while shale is very alkaline throughout. Hence the decrease of crude 
oil and increase of ammonia may partly be the result of age. No 
doubt part of the nitrogen is in combination in the kerogen,* and this 
part may through time have increased in proportion ; but the richness 

* The composition of tho organic constituents of good average shale, repre- 
senting the kerogen referred to in this Memoir, is given by Dr. Mills, F.R.S. 
(Destructive Distillation, 4th Edition, p. 50) : — 

Carbon 

Hydrogen 

Oxygen 



Nitrogen 
Sulphur 



25 -27 per cent. 
3-67 „ 
565 

114 „ 
0-49 „ 



36-22 



Part of the nitrogen and sulphur are no doubt in combination in the kerogen ; 
but excluding the ash, nitrogen and sulphur, the percentage composition is — 

Carbon 73 05 

Hydrogen 10-62 

Oxygen ..... 16-33 

100-00 
This corresponds to CcHnjO. 

The proportion here between carbon and hydrogen is 100 carbon to 14-5 
hydrogen. 
IT 
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of the oldest shales in ammonia is more than we would expect from 
this cause alone. 

The common coals used as fuel in the works when subjected to low- 
temperature distillation in the laboratory retort-tube in the same 
manner as stale, in 1890, gave 21 to 31 gallons of crude oil per ton, and 8 
to 11 lbs. of sulphate of ammonia per ton. The coke left in the retort 
was 57 to 62 per cent. The crude oils had a specific gravity heavier 
than water, 1-020 to 1060. The following are examples : — 





Crude Oil. 


Sulphate of 
Ammonia. 


Coke. 






Gallons 












per Ton. 


Sp. Gr. 




Per Cent. 


Benhar Triping, No. ] , 


kept some time 


31-37 


1-040 


9-5 


56-23 


No. 2, 




24-63 


1-051 


8-6 


56-86 


No. 2, 


fresh 


24-3 


1-020 


10-3 


60-2 


Falkirk Coal Co. . 




20-9 


1-014 


10-0 


61-7 


Walker & Cameron 




28-1 


1-064 


8-0 


58--5 



Mr. Stoddart of Howden has kindly supplied the following figures 
regarding yields of oil from coal got by Dr. Penny about 1860. The 
gallons of crude oil per ton amounted to — Boghead 128, Wemyss lO'i, 
Methil brown 90, Methil black 52, Capeldrae 1st quality 81, 2nd quality 
63, Overton 64, Wellwood 46, Rochsoles 72, Auchenheath 78, Knight- 
wood 36. 

The specific gravity of the crude oil of Torbanehill mineral and 
the upper shales being higher than that of common shale, depends, 
no doubt, on the higher proportion of compounds of the benzene-ring 
type. The more ancient shales give a greater proportion of the chain 
or paraffin type of compounds. Petroleum from the ancient formations 
belongs to the simpler paraffin type, while from the more modern 
it tends rather to the more complex ringed type of compounds. 

Petroleuta in West Ijothian Shale-fields. 

Minerals found in our shale-field are natural gas, liquid petroleum, 
asphaltum, elaterite, ozokerite, albertite and anthracite. As already 
mentioned, native petroleum was found near Broxburn in sedimentary 
strata about 10 fathoms below the Dunnet Shale. In 1886, in No. 5 
or Sandhole pit, near the refinery, while cutting a level westward 
through inclined strata, at the above-mentioned position, there was 
a constant oozing of petroleum and brine, together with a strong'smell 
of gas. A well was made and the petroleum gathered at intervals 
for over a year. About 200 barrels in all were got. The specific 
gravity of the oil was -830, the setting point (or highest temperatTire 
at which it congeals or ceases to flow) was 61° F. (16° C). It had a 
brown colour by transmitted, and green by reflected, light. Refined 
in the laboratory it produced — 

Naphtha, .... Sp. gr. 

,, ..... 

Burning Oil, 
Intermediate Oil, 
Lubricating Oil, 

Solid Paraffin. M. pt. 103° P. (39-4° C.) 
Loss in Refining 

106-0 



-700 


5-0 


-730 


5-2 


-802 


34-1 


-840 


10-5 


•865 


16-7 




12-5 




16-0 



'Petroleum in Oil-Shale. I6t 

The burning oil of this material had bromine-absorption 6-5 per 
cent, against Russian burning oil 0, American burning oil 11 per 
cent, and shale burning oil 40 per cent., all tested comparatively. The 
brine that accompanied the petroleum had sp. gr. 1'095 (sea-water 
being r025). It gave 11,000 grains or 25 oz. of total solids to the 
gallon, or 14'4 per cent. The salts present were chlorides of sodiuin, 
potassium, calcium, magnesium, with trace of ferric chloride. Am- 
monium chloride was present in amount equal to O'Ol lb. per gallon. 
There was only a trace of sulphuric acid. 

Regarding the origin of this petroleum, it may be noted that all 
ordinary fermentations and decompositions on the surface of the 
earth are the result of microbe action ; and they may also be involved 
in the changes that take place in the strata below the surface. Kero- 
gen and petroleum may possibly originate from the same kinds of 
organic matter, but acted on by different microbes, soon after de- 
position or subsequently. It is highly probable that when the Coal- 
measures were laid down there was a much larger proportion of car- 
bonic acid in the atmosphere than now, which, on account of the 
power of this gas to absorb radiant heat, would produce the warm nioist 
chmate that generally prevailed in the Carboniferous period, and 
also from its solvent action would increase the salts in solution in the 
ocean and lakes, and influence the microbes. Petroleum everywhere 
seems associated with brine or salt from an ancient sea. The anti- 
septic action of the brine would kill off many kinds of microbes and 
give the advantage to others that would multiply and might thereby 
produce petroleum. In the locality of the Sandhole pit petroleum 
the Dunnet seam produces only about 12 gallons of crude oil, but no 
sill is known to be near enough to give the crude oil by high tempera- 
ture distillation, and the shaly strata seem too impervious to have 
had it intruded from a distance. In this case it is probable that the 
petroleum was not the product of high temperature distillation of the 
shale by the heat of intruded igneous rock, never far distant in this 
field. It is more likely that the brackish lagoon became charged 
with sea-water and was separated from the ocean. Concentration then 
took place, and the petroleum here, as elsewhere, was formed at a 
not very high temperature, after being deeply covered up. 

E. W. Binney [Proc. Manchester Lit. and Phil. Soc, Vol. III., p. 136) 
described petroleum from a peat bog, which he believed to be subject 
to infiltration of sea-water, thus probably giving rise to the circum- 
stances necessary for the production of the petroleum ; and there 
are other examples of petroleum' from peat bogs. There would be no 
chance of the high temperature required for ordinary distillation in 
these cases, and we have here the specific action of definite microbes 
at ordinary temperatures. Even if the effect of the concentrating brine 
in an inland sea were to destroy all microbe life and leave the organic 
matter to pure chemical reactions, we might have products of destructive 
distillation in the depths of the earth, at far lower temperatures than 
we require in the laboratory. There is a general law to the effect that 
reactions which take place instantly or speedily at a high temperature 
take place also at rapidly decreasing ratios as the temperature falls ; 
about twice as slow for a lowering of 10° C. (HoUeman's " Inorganic 
Chemistry," p. 16). In many cases the reaction has practically ceased 
for ordinary temperatures ; but in geological time the reaction tells 
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particularly at the increased temperatures got deep in the earth. We 
may remember also, in this connection, the molecular and atomic 
mobility in solids, as shown, for instance, in metals. 

Distillation of Oil-Shale by Intrusive Igneous Rooks. 

The effect produced on oil-shales by the intrusion of igneous rocks 
depends on the proximity, the temperature and mass of the intruded 
matter, and the amount of water, with its cooling power, in the sedi- 
ments which are invaded. Specimens of Broxbuin Shale were taken 
some distance apart from localities beneath the dolerite sill near New- 
bigging, about a mile N.N.E. of Uphall. Two samples gave low results, 
23 gallons each ; but the other two yielded 31 gallons each, and the 
igneous rock may therefore have been further off. Again, near Drum- 
shoreland, a basalt dyke, about 100 feet broad, runs for a mile or two 
through the Eoman Camp field, where for a distance of about 70 feet 
on either side the shale has been rendered useless. It is obvious that the 
heat from the molten material has distilled the shale. There was no 
gas in the burned seam, but the cracks and crevices of the igneous rock 
itself were charged with inflammable gas under considerable pressure. 
When the dyke was reached in the mine, it was covered by a thin 
compact layer, and after its removal there was a sudden discharge 
of brackish water, which contained 785 grains per gallon of total solids, 
consisting of lime, magnesia, and alumina as carbonate and chloride, 
but with no sulphate. When the shale was suddenly distilled by the 
igneous rock, there would be no escape for the sudden pressure of oil 
vapours but into the molten material itself, and the temperature would 
be high enough to convert them into permanent gas. 

When an intrusive sheet occupies the position of a productive 
oil-shale, the former often contains pockets or small hollow spaces 
partly filled with liquid or solid hydrocarbons — evidently the products 
of distillation. For example, at Albyn Mine, Broxburn, where a basalt 
sill about 5 feet thick takes the place of the Broxburn grey seam 
(9) for a considerable distance, these cavities, partly filled with viscous 
hydrocarbons, appear in the igneous rock. It is a yellowish-grey 
semi-solid mineral wax. When analysed by E. Tervet, London, it 
gave : carbon 84'35 per cent., hydrogen 12-83 per cent., nitrogen 1-68 
per cent. — total 98'86 per cent. There were traces of sulphur. The 
cavities were lined with calcite. The wax darkened on exposure to 
air. Around some cavities barite was found. The temperature of 
the intruded matter could not have been very high, otherwise the 
hydrocarbons would probabl}' have been converted into permanent 
gas. It is remarkable that the curly seam, lying only 8 feet below 
this sheet, is not in the least affected — another indication of moderate 
temperature. 

The Dunnet Mine proceeds from the Broxburn Oil Co.'s Albyn 
Crude Works in the direction of East Mains Steading, cutting through 
the strata at an angle. At 16 feet under the Dunnet it enters a dolerite 
sill of unknown thickness, for 10 f^et. There are cavities in the sill 
with liquid petroleum and sometimes with semi-solid or solid bitumen. 
At 6 feet above the top of the sill there is a shale about 1 foot thick, 
which has been completely destroyed by the heat, and no doubt the 
hydrocarbons in the cavities are from its distillation. The Dunnet 
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Shale, 8 feet higher up, seems not affected but is of the usual quality ; 
but it contains here and there specimens of albertite. The cavities 
are lined with calcium carbonate or calcium and magnesium carbonate. 
The hquid petroleum has 25 per cent, loss in refining, and in this agreed 
with crude oil from the retorts and differed from the petroleum got in 
the sedimentary strata of the Sandhole pit. The following is the 
analysis of the Dunnet Mine petroleum from the sill, and for com- 
parison the analysis of Broxburn Crude Shale Oil, and these may be 
compared with the analysis of Sandhole pit petroleum on p. 166 : — 









Dunnet Petroleum. 


Crude Shale Oil 








Sp. gr. ■866. 


Sp. gr. ^868. 








S. pt. 65° P. 


S. pt. 83° P. 


Naphtha, 


• Sp. gr. 


■740 


4'5 per cent. 


3^5 per cent. 


Burning Oil, 




■810 


36^1 


320 


Gas Oil, 




■840 




4-0 


Lubricating Oil, 


» 


■865 


6-6 


60 „ 


j» J) . 


»» 


■885 


190 „ 


180 


Paraffii . 




• 


QtQ 

M.pt.'l06°P. 


110 „ 
M. pt. 115° P. 


Loss in Refining 


• 




25^0 per cent. 


25'5 per cent. 



lOO'O 



1000 



The figures show a great similarity between the destructive dis- 
tillation underground, and the destructive distillation in the retorts. 
The bromine absorption in the burning oil of the Dunnet petroleum 
was, however, only 3-0 per cent, against 41^6 with shale burning oil. 

In 1884 the Hut bore was put down a little to the north of Albyn 
Works. At a depth of 496 feet the Dunnet Shale was passed through. 
Then came 10 feet of blaes. After that came 34 feet of what was repre- 
sented as " hard limey sandstone." This, no doubt, is the sill and its 
thickness in this bore. It was a steam-driven chisel bore, the only 
one tried by the company. When passing through this the rods came 
up coated with crude petroleum of semi-solid consistency ; sp. gr. 
■842 and setting pt. 75° F. (24° C). 

Hydrocarbons exist in meteorites. They seem, along with ammon- 
ium compounds, to exist in all volcanic gases. They are expelled 
by heat from granite and basalt. The lava of Etna contains solid 
paraffins and liquid oil in bubble-Uke pockets. Massive rocks far from 
active volcanoes contain hydrocarbons. Obsidians formed by the 
rapid coohng of lavas still retain water, ammonium chloride and bit- 
uminous or ammoniacal substances. The universality of the association 
of hydrocarbons with igneous rocks, and the vastness of the quantity 
when all are considered together, have caused several great authorities 
to conclude that these hydrocarbons are of cosmic or inorganic origin 
and not the products of life. (George F. Becker, U.S. Geol. Survey, 
Bulletin 401, 1909). 

At the present time plants or animals dying in air or in well aerated 
water, as in the most of the ocean, are resolved into gases or materials 
soluble in water, except hard materials such as shells : for the most part 
the soft organic parts disappear completely. But under special cir- 
cumstances where air is soon excluded, there are accumulations of 
organic matter, peat bogs for instance. Mud in many locahties has 
been found by different investigators to be charged with petroleum- 
or ozokerite-like bodies ; for instance, Stettin Gulf, near Ludwigshof 
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Saltmarsh at Bouche d'Brquay, Brittany, Portuguese East Africa, 
South Australia, &o. In the Mediterranean, between Cyprus and 
Syria, and also at Gulf of Suez, there is petroleum in the mud of the 
sea floor along with ammonia and iron sulphide. There is often a vast 
amount of life in a mile depth of water, and in certain circumstances 
at present petroleum or kerogen is accumulating in considerable 
quantities. Potonie {),oc. cit.) gives instances of this. 

Oxidised substances of a bituminous nature may be got froin 
oxidation of hydrocarbons ; or, in other circumstances, as organic 
matter de-oxidised so far on the way to produce petroleum. Heavy 
hydrocarbons, liquid or soHd, may be direct productions from organic 
matter, or they may in other cases be built up from light hydrocarbon 
gases by polymerisation, or oxidation, or cumulative resolution, under 
pressure, &c. 

Eefined mineral oils resist oxidation in the dark, but on exposure 
to hght and air oxidation takes place through time. Spirit ■ 740 exposed 
to light and air gets heavier, and deposits a heavy, viscous, nearly 
colourless oil of sp. gr. 1"0425, containing acids. Biirning oil exposed 
to light and air through time deposits a brown tar, and this on further 
free exposure becomes a brittle solid. The still grease that distils 
over near the end of a crude oil distillation becomes a brittle solid 
under the action of oxidising agents. These reactions correspond 
to some extent with the formation in nature of m'neral pitch and 
asphalt from petroleum by evaporation and oxidation. 

Natural Gas in West Lothian Oil-Shale. 

Natural gas is plentiful in the Broxburn district. Twenty-five 
years ago water issued from many of the old bore holes chai;ged with 
large quantities of gas, which was odourless, and combustible. In 
course of time, owing to the mineral workings, the water ceased to rise, 
and the bore holes were covered^with soil, but the gas continued to 
reach the surface, reacted on it, and caused a smell like that of a choked 
sewage pipe, with sulphuretted hydrogen present. Thus long, narrow 
strips through the fields were rendered barren for some years. The 
waterlogged strata that had previously held down the gas had been 
drained dry by the workings, sometimes more than a mile away, and the 
gas escaped along the outcrop of certain porous rocks. From a bore 
hole at Middleton Lodge, about thirty years ago, there was a constant 
flow of water, and, regularly every month, gas was evolved with con- 
siderable force and noise, which, on hghting, burned for a day or two 
as a great column of flame seen from afar. At one natural vent at 
Broxburn the chemical reactions going on have caused the surface 
soil to have a temperature of 40° F. (22° C.) higher than that of the 
ordinary soil of the neighbourhood. There are two sources of the 
natural gas of this field— viz., the fire-damp given off by the coal and 
oil-shale, and the permanent gas created by the molten igneous rock 
when intruded into positions occupied by oil-shale. 

V. The Process of Manufacture. 

1. The crude oil works consist of benches of retorts, the condensers, 
and the ammonia house. They are generally placed in the middle pi 
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the shale-field, and much of the shale is tipped from the miners' hutches 
into the breaking machine. As it is expensive to haul it far under- 
ground, pits or mines are sunk over the field, and the shale is JDrought 
in railway waggons to be emptied by hydraulic machinery into the 
breaking machine, but not from a greater distance generally than four 
miles. If shale lies several miles distant, a crude oil work is built and 
the crude oil is sent to the refinery by tank waggons. 

The shale is broken into small pieces by passing between two 
toothed drums, being too tough to break like road metal. From 
the breaker it falls into hutches (small waggons), which are taken 
up an incline by wire rope or chain to the top of the retort-bench, 
and emptied into the retorts. 

Development of Retorts. 

The first retorts tried by James Young were of the horizontal 
iron type, like those employed at the time in the manufacture of 
coal-gas. Coal is distilled in gas-making at a very high temperature 
with the object of making permanent gas, and as little liquid product 
as possible. Shale, on the other hand, is distilled at a low temperature 
to obtain hquid and solid products, and a small quantity of gas. 
Horizontal retorts (Kg. 68) were improved in shape, size, and build, 
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Pig. 68. — Horizontal Retort. 



and were used in several of the smaller works till about 1880. They 
gave a large yield of burning oil, as, for example, 27 gallons of crude oil 
were obtained from the Broxburn Shale, and the oil yielded 51 J per 
cent, burning oil an^ naphtha, 5 per cent, of medium oil, 10 per cent, 
of lubricating oil, and only 5 per cent, of paraffin scale— total pro- 
ducts, 71 J per cent. 

Young soon (discarded this form of retort, and adopted the vertical 
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type (Fig. 69). It was a vertical tube about 10 feet long and a foot 
in diameter, with a hopper on top from which the shale could be 
dropped without escape of gas, and it ended below in a trough of 
water, through which the spent shale was drawn every hour. New 
shale was dropped from the hopper at hourly intervals, half an hour 
after the drawing, and the shale remained about eight hours in the 
heat. About 1860 steam was introduced into the bottom of the 
ratort, which greatly improved the quantity and quality of the crude 
oil, as it diffused and moderated the heat and swept the products 
rapidly out of the high temperature. Old vertical retorts (Fig. 69), 
improved in form and lengthened, were used by some until 1880. 




Pig. 69.— Old Vertical Ketort. 

Many forms of retort were tried, each introducing some new 
feature. One, which was highly succes,sful and widely adopted for a 
time, was patented by N. M. Henderson in 1873. It was made of 
cast-iron, one and a half inches thick, fifteen feet long, of oval section 
two and a half feet by one foot. The charge was 18 cwt., which lay 
sixteen hours without movement in the retort, distilling off the crude 
oil, ammonia water, and permanent gas. Thereafter the spent shale, 
which contained about 12 per cent, of carbon, was dropped into the 
furnace below to act as fuel for the next charge. Four retorts were 
built into one oven and over one furnace, and one of the four was 
dropped every four hours to maintain the succession of heat. The 
permanent gas of the distillation was burned in the furnace or in 
the oven above, and steam superheated in this oven was introduced 
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into the retort. This type required much less fuel and at the same 
time made an easily refined crude oil, richer in heavy oil and solid 
paraffin than the crude oil of the older retorts. The old vertical 
type, fired by coal alone, was dependent on the attention of the fire- 
men, whereas Henderson'' s retort gave the right temperature mechani- 
cally. The distillation was downwards. A httle coal was generally 
used as extra fuel. 

The Young and Beilby retort (Fig. 70) was patented in 1881. Four 
metal retorts were connected with a large hopper above, common 
to the four. The distillation was upwards through the cold shale of 
the hopper, where the crude oil was condensed and redistilled. Each 




Fig. 70. — Young and Beilby Retort. 



retort had a metal upper part where the oil was distilled from the 
shale at a low temperature. After being practically spent of oil, 
the shale passed down through a lower part of the retort built of 
firebrick, where it was subjected to as high a temperature as possible 
without fusing, and was there acted on by steam. Thus the carbon 
was converted into a mixture of carbonic acid and carbonic oxide 
(the temperature was not high enough for perfect water gas), and 
the steam giving up its oxygen to the carbon yielded nascent hydrogen 
to combine with the nitrogen to form ammonia, and the excess of 
hydrogen went for fuel. The lower part is therefore a producer of 
ammonia and gas. The shale lay eighteen hours in the retort. This 
type greatly increased the permanent or fuel gas, and gave a larger 
yield of sulphate of ammonia. 

At intervals in the bench of retorts there was one for coal to act 
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as a gas-producer to supplement the retort gas, and the ammonia 
from it was also saved. 

The retorts now in operation are framed on the Young and BeiJby 
principle, two of which are described as examples. The Henderson 
Retort, No. 6726, 1889 (Fig. 71), in its newest form (Patent No. 
26,647, 1901) has two toothed rollers at the bottom that support 
the weight of the column of shale, and, revolving at a regulated pace, 
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Fig. 71.— Henderson Retort. 

keep the shale always in motion, which is discharged into a hopper 
below. There is a large hopper above to do away with charging by 
night. The products come of! at the bottom of the top hopper. As 
regards aid from coal, Mr. Henderson adopted a separate gas-producer 
(the Wilson). Compared with previous types, the length of this 
retort was greatly increased, as the cheapest way of exposing the 
shale to a larger heating surface for a longer period, and thereby 
increasing the ammonia, while working at a temperature low enough 
to diminish weiar and tear and ensure long life to the retort. In this 
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type the flattened form is adhered to, so that, even iii the centre, 
the shale is never far from the heat, and thus any necessity for over- 
heating the outside is avoided. The present length adopted is 14 feet 
for the upper or iron part and 20 feet for the brick part. The section 
is oblong, ?. feet 9 inches by 1 foot 3 inches at the top" of the 
metal part, and 4 feet 8 inches by 1 foot 10 inches at the bottom of 
the brick part. The total height from the ground-level to top of the 
hopper is 63 feet, and about 15 tons of shale are placed in it at a 
time. The shale remains in the heat of the retort for thirty hours. 




Fig. 72. — Bryson Retort. 

Thus the yield of oil was augmented by several gallons and the ammonia 
greatly increased, and the labour expenses much reduced. Each 
retort puts through over 4 tons per twenty-four hours, and enables 
the crude works to be made very compact. 

The retort patented by Messrs. Bryson, Jones, & Eraser, and 
generally called the Bryson Retort, Patent No. 7113, 1895 (Fig. 72), 
is also a very long one, and differs from that last described in having 
a circular cross-section. It has a table below to support the column 
of shale, and there is a revolving arm to maintain the movement of the 
shale downwards. The bottom hoppers converge so that a single 
line of rail's under the centre of the bench receives the spent shale 
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from both sides in a hutch. By these means labour is reduced to a 
minimum. 

The retorts described are all of the continuous-working variety, 
except Henderson's 1873, and the horizontal types, which were 
intermfctent. The old vertical retorts gave a crude oil that was 
dark and tarry, sp. gr. -880 to -895. Henderson's 1873 pattern 
gave a green coloured crude oil sp. gr. -865 to -870, with 2| per cent, 
more solid paraffin, a lubricating oil that was much more viscous, 
and 2 1 per cent, more total products. The newer retorts give more 
crude oil per ton, which is not quite so easily refined and involves 
more loss in refining ; but the total refined products are more on 
the whole, and, what was not anticipated, the solid paraffin is increased. 

Long exposure to high heat tends to make paraffin break up 
into paraffin and olefine of smaller molecule. Olefines by deposit- 
ing carbon can become converted into paraffin Olefines at moder- 
ately high temperatures sometimes contract in volume and form 
condensation products containing paraffin. 

Retort Condensers. 

A main, common to a bench of many retorts, is led to the conden- 
sers from the retorts. On the way the vapours are chilled by passing 
through a tower in which water for the steam boilers is heated in 
pipes. The condensers are great stacks of vertical four-inch pipes, 
and the ammonia water and crude oil collected from them are run 
through a box called a separator, in which the water at once goes to 
the bottom and is run into one tank, while the oil rises to the sur- 
face and is run into another. The old vertical and Henderson retorts 
gave less than 3000 cubic feet of permanent gas per ton ; the new 
ones, of the Young and Beilby type, give about 10,000 cubic feet. 
This gas on leaving the condensers is scrubbed from ammonia and 
naphtha by passing up water towers, and finally up a heavy oil tower. 
The heavy oil showered down catches the light naphtha, which is 
afterwards distilled from it. The permanent gas, thus freed from 
all condensable matters, is caught by a fan which, giving a few inches 
of suction on the side next the condensers, forces the gas under a 
few inches pressure into the main that supplies the burners at the 
bottom of the retort flues. There is ^-inch suction on the retort- 
main that receives the retort exits. These modern types, with a 
good shale, require no help from coal in the distillation, except at the 
beginning. 

J. J. Coleman invented a method of extracting gasolene from 
the permanent gases by compression and cooling. The final cooling 
was made from 40° to 50° below zero F. (-40° to -45° C.) by expansion of 
the compressed cooled gases. Young's Company found that IJ gallons 
were obtained at a cost of 2^d., while by the oil tower, three quarters 
of a gallon was got at a halfpenny per gallon. The oil obtained had 
sp. gr. -700 to -715. Coleman's method was soon given up. The 
brick part of the modern retorts is a gas-producer, in which the carbon 
is consumed by steam. Under 1000° P. the action of steam on 
carbon gives carbonic acid, COj, and hydrogen. At 1000° F. (538° C.) 
a Httle carbonic oxide, CO — a combustible gas— is formed. Higher 
temperatures increase the proportion of carbonic oxide. At 1800° F. 
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(782° C.) the action is practically complete, only a small proportion 
of carbonic acid being formed. The shale in the brick part of the 
retort rises perhaps to 1300° F. (704° C). At that temperature 
steam acts on carbonic oxide CO, to form carbonic acid gas, COj, 
and hydrogen. Ammonia gas by itseK begins to break up into its 
elements about 900° F. (482° C), and the decomposition is complete 
at 1400° F. (760° C). But protected by suflicient steam, the ammonia 
can exist at a much higher temperature. With great excess of steam , 
all the nitrogen goes into ammonia quantitatively. With the com- 
paratively small excess of steam that is practicable in a working 
retort, a proportion of the ammonia formed is decomposed into its 
elements, but the greater the excess of steam the smaller is the loss. 

The quality of the crude oil depends much on the temperature at 
which it is formed and to which it is afterwards exposed — a high 
temperature being . injurious. An extreme case is using shale for 
gas-making. The shale of the Broxburn seam, when distilled in the 
gas works at a bright red heat, gave nine gallons of crude oil (or 
gas tar), sp. gr. "952, which was a thin mobile liquid containing little 
solid paraffin ; and sulphate of ammonia 8J lbs. per ton. This is 
the result of high temperature and absence of steam. Steam is 
a powerful reagent at the temperature of the retorts. Tervet in- 
creased the yield of ammonia by passing hydrogen into the retorts. 
Irvine increased the solid paraffin by introducing ammonia. This 
action of ammonia partly accounts for the higher yield of paraffin 
in the recent type of retorts. Beilby found that a limited intro- 
duction of air increased the solid paraffin. Sulphur acts on paraffin 
at a high temperature to give sulphuretted hydrogen, HjS, and de- 
fine. Free sulphur is sometimes got in the condensers with the crude 
oil. Ammonia or a little oxygen in the retort unites with the sulphur 
and keeps it from attacking the hydrocarbon molecules. In the 
Henderson 1873 type, with its mild temperature and excess of steam, 
the shale of the Broxburn seam that contained 1-5 per cent, of sulphur 
dropped r4 of it into the furnace in the spent shale, and it contained 
1 per cent, even when taken from the furnace. 0-25 per cent, went 
to the permanent gas, 0'028 to the crude oil, and 002 to the ammonia 
water. In the present retorts much more sulphur is sent into the 
crude oil, water, and gas. 

Results of the Shale Distillation. 

The results of the shale distillation are : — Sfent shale, that is of no 
value at present, while its. removal involves expense ; permanent gas 
used as fuel for the retorts themselves ; crude oil ; and ammonia 
water. 

Distillation of Ammonia Water. 

The ammonia water isTiow distilled in tower stills, the first used 
being that of Beilby (Fig. 73). 

There are others now in operation, of which the Henderson type 
is an example (Fig. 74). 

The ammonia water heated by interchange of heat with the spent 
ammonia water is run on at the top, and goes from tray to tray, 
acted on by steam of 30 lbs. pressure, blown in at the bottom of the 
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column. Hence the water boils, and the volatile ammonia com- 
pounds are expelled as gas and caught in sulphuric acid. The sul- 
phuric acid used to refine the oil is separated from the tar by washing 
with hot water, and the recovered acid is saturated with the ammonia 
gas and sent into the market as sulphate of ammonia. This recovered 
acid gives a solution which has to be boiled down to obtain the salt, 
but the quantity got only serves for a fraction of the ammonia. The 
rest is passed into a cracker -box of fresh sulphuric acid, in lead pipes, 
with holes in the part laid along the bottom. There is a constant 
stream of sulphuric acid flowing in, and also a constant current of 




Fig. 73.— Beilby Ammonia Column StiU. 

ammonia gas. The sulphate forms as salt, and falls along a sloping 
bottom into a well, from which it is lifted by a steam injector and 
thrown into a box at the side to receive it. The acid requires to 
be diluted with water, and instead of fresh water the solution of 
sulphate made from the recovered acid is run in, and the separate 
evaporation of it saved. In the ammonia water from the retorts, 
there is fixed ammonia equal to 1 lb. per ton of shale, sometimes 
more if there is insuction of air anywhere, which is generally recovered 
by putting lime into the lower trays of the tower. In the water 
there are sulphur compounds, sulphide, sulphite, hyposulphite, and 
persulphides, and in the heat of the tower-still these react on each 
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other to give free sulphur, which collects in masses and tends to 
choke the passages of the still. The milk of lime run into the tower 
helps to keep it clear. 
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Fig. 74. — Henderson Ammonia Column Still. Two Trays. 

Comparison of Crude Oil and Petroleum. 

The crude oil of petroleum is got without the expense of mining 
and retorting. A bore is put down and is tubed, and the oil flows 
like a fountain, or is brought to the surface by a pump. The gentle 
processes of nature used in creating petroleum, extending over long 
periods of time, give a crude oil much easier to refine than that pro- 
duced by the rapid and violent method of the shale retort, which yields 
unsaturated hydrocarbons and a httle sulphur in some molecules. 
Crude petroleum in its first distillation separates a considerable 
proportion of burning oil which requires only one treatment each with 
oil of vitriol and with soda to render it fit for the market. Our burning 
oil requires three or four distillations, and hence the battle of com- 
petition is fought at a great disadvantage. A gigantic bench of 60 
retorts, say, with 250 tons of shale put through per day, gives a very 
thin stream of crude oil and ammonia water. One compensation is 
the presence of ammonia ; another is, that the repeated distillations 
enable much more homogeneous products to be made. The great 
secret of oil-refining is M.6rough separation of one product from 



180 Chemistry of the Oil-Shales. 

another. Naphtha renders burning oil dangerous, and intermediate oil 
hinders it from rising in the wick, and light oil or solid paraffin in 
lubricating oil reduces its viscosity. 

Petroleums vary in composition. That from Pennsylvania 
consists principally of the paraffin series, and the heavy oil at the 
end of a distillation contains solid paraffin. Ohio and Canadian 
petroleum consist largely of paraffins, but they have more sulphur 
compounds, which necessitate a special finishing treatment, or 
chemicals in the distillation ; but the sulphur compounds are easily 
struck out. Calif ornian petroleum has a greater mixture of different 
series of hydrocarbons, and gives asphalt at the end of distillation 
instead of paraffin. The Californian petroleum, from the Tertiary 
strata, seems much nearer the original organic compounds in its 
nature than the Pennsylvanian petroleum from the Devonian rocks. 
Russian petroleum comes from Tertiary rocks and is composed of 
naphthenes, a series of cyclic hydrocarbons. 

Some petroleums cause the plane of polarisation of light to rotate 
to the right, others to the left, which is almost conclusive proof that 
these petroleums, at any rate, are not of purely inorganic origin. 

The Refinery. 

2. The refinery consists of (1) stills for the repeated distillation 
of the oil ; (2) stirring-tanks, in one set of which the oils are treated 
with strong sulphuric acid, and in another with caustic soda ; (3) 
paraffin-houses, in which the heavy oil containing the solid paraffin is 
cooled and pressed, and where there are great refrigerating machines ; 
(4) paraffin refinery ; (-5) stock tanks for the finished product ; (6) 
filling shed with cooperage, where the products are filled into barrels 
and tanks to send to the customers ; and sometimes (7) a candle-house 
to make the sohd paraffin into candles ; and occasionally (8) vitriol 
chambers to make the sulphuric acid required, and concentrating 
plant. Further, there are engineers' shops, smithies, carpenters' 
shops, saw-mills, plumbers' shops, clerks' offices, &c. &c. All have to 
be arranged for convenience, cheapness of communication, and safety 
from fire. 

The crude oil is settled from the ammonia water and shale-dust, 
and pumped up into a high charging tank, from which the oil can flow by 
gravitation into the stills. There are heat interchangers on the top 
of the stills, so that the cold oil-feed flowing in is heated by the vapours 
distilling out. There are high charging tanks behind each bench of 
stills and low tanks to receive the distillates. With every distillation, 
steam, more or less superheated, is introduced into the stills ; hence 
there are steam-boilers at hand. Water converted into steam expands 
about 1700 times. Our oils expand only one or two hundred times, and 
when distilled without steam a great deal of oil has to be evaporated 
before the vapours mount up to the exit pipe. Their specific heat and 
heat of vaporisation are not great, and they readily condense on the 
top of the stiU to fall back and be redistilled with some decom- 
position. When steam is introduced it cushions and protects the 
gaseous molecules from decomposition, and rapidly sweeps them into 
the condenser. Further, the presence of steam lowers the boiUng point 
of the oil in much the same way as a vacuum or reduced pressure. 
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Refinery Operations. 
Distillations and Chemical Treatments. 

The crude oil distillation is meant to be a destructive one to sonic 
extent, and the steam admitted is limited. If the crude oil be treated 
directly with oil of vitriol and caustic soda the loss is very great. 
Or if too much steam is used in the distillation the loss with the treat- 
ments is great, as the steam drives the oil over unchanged. The 
distillation converts tarry or resinous matters capable of uniting witli 
the chemicals into the required hydrocarbons. Steam is limited 
when near the end of the second distillation also ; but when the bulk 
of the heavy oil and paraffin is passing over the proportion of steam 
is high. 

The once-distilled oil is stirred up with oil of vitriol and the black 
viscous tar settled out. The oil is run by gravitation into another 
tank, where it is treated with caustic soda, and here another black 
viscous tar is separated. The settled oil is pumped up to the charging 
tank of the next distillation. The stirring with chemicals is sometimes 
done with mechanical stirrers, but oftencr with air, pumped into the 
bottom of the tanks (Fig. 81, p. 186.) 

At each distillation a fractionation is made, that is to say, the 
oil is separated into naphthas, burning oils, and heavy oils. In the 
crude distillation sometimes only the naphtha or spirit is separated 
and all the rest distilled together as " green oil." The burning oil 
is left with the heavy oil and paraffin so as to keep the mixture 
hquid at a comparatively low temperature for the acid treatment, 
otherwise a high temperature would be required, and this would 
cause the acid to attack the olefines. The amount of oil of vitriol 
used is limited for the same reason, as well as for economy. 

After the first treatment with oil of vitriol and soda, the next dis- 
tillation separates burning oils of various gravities and the heavy oil 
containing paraffin. The burning oils are distilled again, sometimer, 
repeatedly. The oils vary in specific gravity in different works, and 
at different times in the same works, to suit the requirements of the 
market. 

Separation of the Solid Paraffin. 

The heavy oil is cooled in shallow tanks set in sheds open to the 
wind, and afterwards with freezing machines. The old cooling drums, 
dipping into the oil and paraffin and raising a film to be scraped off 
at the other side, are no longer used, as they chill the mixture too 
rapidly and prevent proper crystallising of the soHd. Ammonia 
machines are now always used, some beginning with ammonia solution, 
and others with dry gas liquefied by pressure. The ammonia solution 
machines cool a solution of chloride of calcium which cannot be frozen 
by the machine, and this chilled brine is put into a tank filled with 
alternate compartments ; wider ones for the oil and paraffin and 
narrower ones for the brine. The oil and paraffin he there for hours 
exposed to the cold, and the solid paraffin separates out in good 
crystals. In the Beilby cooler, the paraffin mass Hes undisturbed until 
chilled to the extent required. In the Henderson cooler, a scraper goes 
slowly round, removing the chilled mass from the cold plate and letting 
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the warmer material forward to the cold. Paraffin is a bad conductor 
of heat, and, in the Beilhy cooler, the paraffin mixture requires to lie 
a long time and necessitates a large plant, but gives a better crystal. 
In the Henderson cooler much more can be put through and yet a 
sufficiently good crystal is obtained. Some works utilise the cold more 
by passing the paraffin mixture through pipes, chilled directly by 
the evaporating ammonia gas, which produces more sudden chilling, 
and causes some paraffin to thicken in an amorphous state difficult 
to separate from the oil. From the cooling machines the paraffin 
mass, after being broken up by machinery, is pumped through filter 




Fig. 75. — Henderson's Sweating Trays. 



Ci-oss vertical section of a sweating house on the tray system. D are 
the trays, lying on horizontal pipes C, which are supported by 
vertical pipes at the side. A are the steam pipes for heating. 

presses. The paraffin cake collects in the press and the oil flows into 
its own tank. When the cooling is done by the ammonia gas without 
the interposition of the brine, many more filter presses are required 
on account of the amorphous paraffin. The paraffin from the filter 
presses is generally further squeezed in -cloths in hydrauUc plate 
presses. At this stage it is called " paraffin scale," from the scale-like 
appearance of the flattened plastic crystals. 

The heavy oil separated from the solid paraffin is called " blue 
oil," which is treated with oil of vitriol and soda, and is distilled again 
and separated into the various fractions according to gravity required. 
These, after cooling and pressing from soft paraffin, and when further 
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treated with oil of vitriol and carbonate of soda, are ready for the 
market. If the solid paraffin is thoroughly separated from the 
lubricating oil, the latter becomes proportionately heavier ii} gravity 
and more viscous, and the setting point is lowered. 

The solid paraffins are refined by a sweating process. In some 
works the cakes of paraffin scale from the filter presses are not squeezed 
in hydraulic plate presses to separate the oil, as this process requires 
much hand labour, and the paraffin, with a proportion of oil, passes 
directly from the filter presses to the paraffin refinery. The paraffin 
is melted, cooled into cakes, and put on wire-gauze shelves in a house 
kept warm by steam pipes. As the temperature rises the oil sweats 
out and also the softer paraffin, leaving the hard paraffin on the shelf 
freed from colouring matter. The process is repeated to improve the 
colour. 

N. M. Henderson has a sweating apparatus that reduces the labour 
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Fia. 76. — Vertical Section of Henderson's Cell-Sweating House. 



to a minimum, and has been adopted all over the world. The house 
containing the apparatus is filled with great trays several inches deep, 
in which wire-gauze shelves are placed two inches from the bottom. 
Water flows into each tray up to the shelf, and two inches of melted 
paraffin are run on the top of the water. The doors are opeij., and 
the wind cools and solidifies the paraffin. Artificial wind is created to 
help the cooling. When the paraffin is solid, the water is run off below, 
which leaves the great cake of paraffin lying on the wire-gauze shelf. 
The doors are shut, spent steam from pumps and engines is turned 
into the heating pipes, and the paraffin is gradually sweated. The 
sweatings are run into receivers according to melting point and colour. 
When finished, the wax is melted out by putting steam into the 
pipe.s, which are used as supports for the trays, and the refined wax 
is run into its own tank (Fig. 75). 

Mr. Henderson has patented another method of sweating which 
has certain advantages over the tray method (Figs. 76-78). There are 
v^rtical cylinders 9 feet high, and 17 inches diameter, with a central 
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cylinder? inches diameter, open at top and bottom inside the other one. 
The space for theparaffinis between these cylinders, and this space has a 
bottom with exit-pipe, and a false bottom a few inches above it, up to 
which water is filled before charging the paraffin. Three plies of wire 
gauze are laid around the central tube in the paraffin space. There 
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Fig. 77. — Plan of Henderson's Cell-Sweating House. 



is thus on cooling, a paraffin cylinder of 5 inches radial thickness 
cast around the central tube. The paraffin crystallises first at the 
outside, throwing the oil and soft paraffin towards the gauze. After 
sohdification and running off the water below, the chamber containing 
these cells is shut and gradually heated up as in the tray stove, and the 
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Pigs. 76, 77, and 78 represent Henderson's Cell- 
sweating arrangement. Pig. 76 shows a house in 
vertical section. It contains 72 cylindrical cells (A), of 
which four are shown. B is the charging pipe. C is 
the run-off pipe, first for the sweatings and after- 
wards for the wax. D is the steam pipe for heating. 
Kg. 77 is the house in plan, showing twelve of the 
cells in section. B is the charging pipe, C C run-off 
pipes, and D steam pipes for heating, under the cells. 
Fig. 78 (a) is a vertical section of the lower part of a cell ; 
and (h) a plan of the same; A being the central 
tube open to the air above and below, B the wire 
gauze to keep a road for the drainings to escape, 
C the space for the paraffin, D the false bottom, and 
E the exit. 



Fig. 78.— Plan and 
Section of a Cell. 



sweatings always have free passage among the gauze. Rows of cells 
vent into one pipe below, in which a slight vacuum is kept up by a 
steam injector near the pipe exit. The cells of thin sheet-iron are 
much cheaper to erect and repair than trays ; nearly double the 
quantity of paraffin can be sweated in the same space and time, and 
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the fractionation is much more perfect, giving a larger yield of refined 
wax (Jour. Soc. Cheni. Indust., xxx. p. 269). 

Some paraffin is refined by mixing with about 30 per cent, of 
naphtha ; it is then cooled in cakes and pressed, the naphtha flowing 
out and carrying the colouring matters. The cakes of paraffin are 
melted, and the naphtha is distilled off and condensed. The paraffin 
is thoroughly steamed till the smell of naphtha disappears. 

In all cases the melted paraffin is stirred with animal charcoal, 
settled, and filtered through paper. It is then ready for the candle- 
house or the market. 

The Stills. 

In the distillations the bulk of the oil is distilled off from boiler-stills, 
which are horizontal cylinders, the charge being two or three thousand 
gallons, and the residue is run into round cast-iron-bottomed stills 
(Fig. 82, 4) to be distilled to dryness and coked. The still coke of the 
crude oil is valuable. When the coking is in progress, much perma- 
nent gas is given off, very pure, of high luminosity, and valuable for 
lighting or fuel (Beilby and M'Arthur). These gases used to be passed 
into the atmosphere and lost ; now they are all carefully utilised 
after scrubbing light spirit from them. Henderson's method is shown 
in Figs. 79 and 8:3. At the exit from the worm-tank condenser there is a 
U-tube seal pipe of sufficient depth to withstand the vacuum used. 
Between this seal and the tank rises a pipe with two-way cock, by 
which there is communication with a vertical pipe venting into the 
atmosphere when the still is not working, or with a pipe for drawing 
off the gases when the still is working. The latter gas-pipe is water- 
sealed in a hydrauhc main, by which the gases pass to a vacuum pump 
[Jour. Soc. Ohem. Indust. xxx. p. 268). (See Figs. 79 and 80.) 




Fia. 79. — Henderson's System of Re- 
covery of Still Gases. 



Fig. 80.— Henderson'sSystem 
of Recovery of Still Gases 
— another view. 



Pigs. 79 and 80 illustrate Henderson's method of utilising the permanent 
gases evolved in the distillation of the oils. A is the worm-tank condenser, B 
the exit of the distillate to the receiver with a U-tube to prevent the gases escap- 
ing along with the oil. The gases are taken upwards through a two-way cock, 
which sends them, when necessary, by the pipe D into the atmosphere, but m 
general to the vacuum pump through the pipe E, which lutes into water in mam F. 
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N. M. Henderson connects boiier-stills into a series (Fig. 82), the 
oil flowing from one to another, and each giving ofi a distillate of a 
fixed specific gravity. They are worked continuously, sav'e when 
teinporarily stopped for cleaning operations. At the end of the 
series is a residue still with cast-iron bottom, which, when charged, 
is disconnected and another residue still is put on to the series. By 

this methbd twice as much oil is 
put through as when the stills are 
separate, and the distillation is more 
perfect and requires less oversight. 
In a crude oil distillation by the 
old method, naphtha passed over 
first, and was run into its own tank. 
At a certain specific gravity the 
distillate was run into another tank. 
The temperature in the still gradu- 
ally rose, together with the sp. gr. 
of the distillate, the latter giving 
in succession burning oil, interme- 
diate oil, heavy oil with paraffin, 
and at the end still grease. The 
specific gravity had to be constantly 
tested to fix when the materials 
should be turned into another 
tank. With the connected stills, 
the fitrst always discharges naphtha, 
the second burning oil, the third 
interme(iiate oil, and the fourth 
heavy oil and paraffin. There is 
considerable power of adjustment 
to suit what is required. 
In the manipulation with oil of vitriol, the tar from the finishing 
treatment is used to give a first treatment to the crude oil distillate. 
The tar from this oil is washed with hot water to separate the sulphuric 
acid, which is sent to the ammonia house, and the tar, heutralised 
with soda tar, is settled and burned as liquid fuel under the stills, 




Fig. 81. — Acid or Soda Washer, 
stirred with air. 




Fia. 82.— Connected Boiler Stills (1, 2, 3) with Residue Still (4). 

being blown into spray with superheated steam. It burns like a 
jet of gas, with smokeless flame, and the chimney gases have no 
more sulphur than from coal. 

Quantities of Chemicals used. — To the crude oil distillate is given 
acid, equivalent to more than 2 per cent, of oil of vitriol, the after 
treatments of the light oil J per cent., and the finishing treatment 
of burning oil 1 to 2 per cent., according to previous treatm'ent, &e. 
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The blue oil receives about 1 per cent, of oil of vitriol and a finishing 
treatment after fractionation from 2 to about 4 per cent, oil of vitriol. 
The caustic soda treatments are about 1 per cent, of solution of 60° 
Tw., or rs sp. gr., except in the finishing treatment, when the burning 
oils receive very weak caustic soda, and the lubricating oils carbonate 
of soda solution. 

To the blue oil is given dry caustic soda in the still, from 2 to 5 
lbs. to 100 gallons. The form of still is shown in Fig. 83. 




Pig. 83.— Heavy Oil StiU. 

The following is a scheme of refinery operations. O.V. means 
Oil of Vitriol, and C.S. Caustic Soda : — 
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The crude oil obtained from shale is substantially a mixture oi 
the paraffin and olefine series, with a small admixture of naphthene.> 
and benzenes, which constitute the finished products. Both the 
paraffin and olefine series occur in the naphthas and burning oils ; 
but when we come to the heavy products there is a separation, for 
the solid paraffin consists of members of the paraffin series alone and 
the lubricating oil separated from it, of olefines with admixture of 
liquid paraffins. In addition to these products, the crude oil contains 
the materials of the tars separated by the chemicals, in which there 
are no doubt many compounds not yet determined, for their in- 
vestigation is both difficult and disagreeable, and some of them 
decompose very easily. There are phenols, cresols, and hydrocarbons 
with less hydrogen than olefines ; there are pyrene and chrysene ; 
there are also the quinohne and pyridine series of bases. These last 
are difficult to decompose, and can be got by themselves for separation 
from each other and examination. The leucoline (quinoline) series 
was investigated by Robinson and Goodwin {Trans. Roy. Soc. Edin., 
Vol. XXVIII., p. 561 ; Vol. XXIX., pp. 265, 273), and the pyridine 
series by Garrett and Smythe {Trans. Chem. Soc, 1902, 1903). Shale- 
oil naphtha contains one-half per cent, of pyridine bases. Dr. Thomas 
Gray investigated the phenols of naphtha soda tar (Jour. Soc. Chem. 
Industry, XXL, p. 845). 

The members of the olefine series have a higher specific gravity 
than those of the paraffin series, and the series with still less hydrogen 
than the olefines possess an even higher specific gravity. These last 
are struck out by the oil of vitriol, which reduces the specific gravity 
of the oil left. The more unsaturated hydrocarbons and the sulphur 
compounds have an odour like garlic. A small trace of these gives 
the penetrating smell to paraffim oil, and its removal, without destroy- 
ing any of the right products, is the problem of the refiner. 

The oil of vitriol used in refining combines with the pyridine 
bases and other basic substances, the bulk of the phenols, the sulphur 
compounds, and the hydrocarbons that are less saturated than olefines. 
The caustic soda solution extracts phenols and acids. If the olefines 
are not attacked by excess of oil of vitriol, the caustic soda tar is 
black. In the finishing treatments an effort is made to extract the 
last traces of the compounds more unsaturated than olefines, and 
also the sulphur compounds, and for this purpose sufficient acid is 
given to attack a little of the olefines. Hence compounds are formed 
which give a white emulsion with soda solution. Any trace of the 
soda sulpho-compound left in the burning oil causes crust in the wick 
of the lamp, and care has to be taken to wash it all out. 

vi. Products of the Manufacture. 

The products of manufacture will be discussed under two heads : 
(1) their composition and properties, and (2) their uses. 



1. the composition and properties of the products of 
manufacture. 

1. The Permanent Gases of the Retorts.— These are used for fuel. 
The composition varies with the state of the retort at the time and 
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with other circumstances. Excess of nitrogen indicates that air has 
been sucked in bv the action of the exhauster. 





Young & Beilby 

Retort. 

Hermand Type. 

(Prof. W. Foster.) 


Henderson's 
1873 Retort. 


Hender.son's 

New Retort, 

1901. 


Bryson 

Ketort. 

(Bryson.) 


Carbonic Acid and HjS 

defines 

Oxygen 

Carbonic Oxide, C . 

Marsh-gas . 

Hydrogen . 

Nitrogen 


20-7 
1-6 
3-6 
1-16 
8-66 
21-68 
42-6 


18-0 
5-0 
2-0 
0-0 

38-4 

28-7 

7-9 


26-0 
1-2 
1-0 
7-8 
9-2 
38-6 
16-2 


22-08 
1-38 
1-18 
9-77 
3-70 

55-56 
6-33 


100-0 


100-0 


100 -0 


100-00 



2. Shale Naphthas are thin, hmpid, mobile, colourless liquids, 
completely volatile at ordinary temperatures. They generally consist 
of 60 to 70 per cent, of defines and other hydrocarbons acted on by 
fuming nitric or sulphuric acid ; the rest being principally of the 
paraflSn series. 

Broxburn Naphtha, sp. gr. '735, was subjected to many fractional 
distillations in the Le Bel Henninger apparatus of 6 bulbs. The 
olefines, &c., were separated with concentrated sulphuric acid, and 
what remained was washed with water and soda solution. The 
results were as follows : — 





Range of 


Volumes. 


Loss by 


Paraffins. 






Temperature. 




Volumes. 


Per Cent. 




1. 


26 to 37°C. . 


4,000 


2,800 


'30 


70 


2. 


37 „ 45 „ . 






5,000 


3,200 


36 


64 


3. 


45 „ 58„ 






2,275 


1,225 


46 


54 


4. 


58 „ 65 „ . 






9,300 


5,125 


45 


55 


5. 


65 „ 67 „ . 






4,900 


2,600 


47 


53 


6. 


67 „ 69 „ . 






14,200 


7,200 


50 


50 


7. 


69„72„ . 






10,110 


5,160 


49 


51 



In the oil from the Henderson 1873 retort, there was often no 
benzene, but in the oil from the existing retorts the benzene series 
is distinctly represented. In Broxburn Naphtha, sp. gr. -735, the 
fractions boiling between 55° and 75° C. gave 2-6 per cent, benzene, 
and the fraction 100° to 105° C. gave 2-5 per cent, toluene. The 
members of this series were found to distil at temperatures under 
their boiling points when distilled pure ; and, where they were ex- 
pected, fractions sometimes showed no trace of them. The naph- 
thenes methyl-tetramethylene, pentamethylene, and hexamethylene 
were got in distinct quantities. (B. Steuart, Jour. Soc. Chem. Ind. 
XIX., p. 986.) 

Friedrich Heusler has exai^ned the fraction of Scottish paraffin 
oil boihng below 110° C. (naphtha or spirit), and found paraffins 
42 per cent. ; naphthenes 10 per cent. ; aromatic hydrocarbons 



Products of Manuftlbture. 



191 



7:5 per cent. ; defines 39 per cent. He proved the presence of benzene, 
toluene, metaxylene, and cumene, and the absence of naphthalene. 
The corresponding figures he obtained for Saxon hgnite — of vegetable 
origin — were : — paraffins Ki, naphthenee 4, aromatic hydrocarbons 45, 
and olefines 31 per cent. 

3. The bitrning or lamp oils are transparent, nearly colourless, 
thin liquids, having both the paraffin and define series in large pro- 
portion. There are 30 to 40 per cent, of unsaturated hydrocarbons 
that can be taken out with fuming sulphuric acid. 

4. The lubricating oils are transparent, yellow-coloured, bright 
liquids with considerable viscosity. For oils from the same source, 
the viscosity varies with the specific gravitj' ; but for oils from different 
sources the specific gravity is no gauge for the viscosity, as the lower 
gravity of oil may have the higher viscosity. They are to a large 
extent olefines, but mixed with liquid paraffins. 

5. The solid paraffins are colourless, tasteless, odourless bodies, 
coiiiposed of saturated hydrocarbons. They are able to resist the 
action of the strongest chemicals, which makes them useful for many 
piirposes. They are good insulators. They are somewhat plastic 
for a good many degrees below their melting points, and hence low 
melting point candles sometimes bend with their own weight in hot 
weather. The flashing point of wax of M. pt. 128° F. (53° C.) is 
375° P. (190° C). Heated in a bath in air the vapours do not ignite 
spontaneously at 620° F. (327° C). 

The solid hydrocarbon we now call paraffin was extracted from 
Tegernsee petroleum by Fuchs in 1809. Buchner separated it in 
comparative purity in 1819. Reichenbach, in 1830, obtained it 
from wood tar, investigated its properties, and called it by its present 
name. About the same time Sir Robert Christison of Edinburgh 
extracted it from Rangoon petroleum. Laurent got it from bituminous 
shale in 1830, and Dumas in 1835 from coal-tar. Selligue, in France, 
seems to have been the first to manufacture it for sale ; and Rees 
Reece made paraffin candles, in 1850, from paraffin obtained from 
Irish peat. Young obtained some paraffin from his Alfreton petroleum 
in 1848, and he was the first to manufacture paraffin in large quantity 
— viz., in connection with the Scottish paraffin oil industry. 

The following table gives the properties of average samples of the 
usual products : — 



Motor Spirit .... 
Spirit or Naphtlia . 

Special Oil, or Water-white Oil 

Crystal Oil . . 

No. 1 Burning Oil 

Lighthouse Oil 

Mineral or Marine Sperm 

Mineral Colza . 

Gas Oil 

Gas Oil, Grease Oil, Cleaning Oil 
Lubricating Oil 



Sp. Or. 



■715 ^ 
■736}- 
740 j 
786 
800 
806 
810 
830 
840 
866 
•870 
866 
76 



Flash Point 
Bange. 



Tint. 

No. 600 glass 

Lovibond. 

2-inch Cell. 



Lowest 
temperatures. 

106°F.-120°F. 
116 „ 126 „ 



110, 
146, 
200, 
220, 
200, 
275, 



135 „ 
160,, 
230,, 
240,, 
230,, 
300,, 



276 f, 300 , 

300 „ 310 , 

320 „ 340 , 

330,, 360, 



Colourless. 



0-5 

0-75 

1-0 

2-0 

6 



15 
18 
^-inch Cell. 
15 
16 



Boiling Point 
Bange. 



120°F.-300°F. 

140 „ 320 „ 

180 „ 380 „ 

310, 

840, 

310, 



460, 



500,, 

575,, 

580 

573 

676 



500 „ 700 „ 



460, 



710,, 



500 „ 720 , 

676 „ 710 , 

676 „ 800 , 

650 ,, B70 „ 

720,, 875,, 



Viscosity by 
a certain 
Pipette. 



44 seconds. 
*7 



65 
70 
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In determining the flashing point the Abel apparatus is used ; 
the whole apparatus for the lower flashing burning oils, and the cup 
of it for heavy oils. The tint is taken bj' different methods. The 
method of taking the boihng range most recognised is that of Engler. 
The viscosity or body is generally taken with a pipette, each company 
having its own standard tube. There are viscosimeters by Redwood 
and by Engler that are used as standards of reference. 

The boiling range of oils, taken with a new Baly & Chorley high 
temperature sodium-potassium thermometer (1893), is set forth in 
the annexed table — 





Lub. Oil. 


Lub. Oil. 


Lub. Oil. 


Oil. 


Oil. 




890/5 


886/90 


865 


840 


830 




Temp. 


Sp. Gr. 


1 
Temp. Sp. Gr. 


Temp. 


Sp. Gr. 


Temp. 


Sp. Gr. 


Temp. 


Sp. Gr. 


First drop over . 


725T. 




675°F. 




675°F. 




450°F. 




600°F. 




Igt 10 per cent, over 


745 „ 


•886 


705 „ 


•878 


600 „ 


•866 


600 „ 


•806 


610 „ 


■818 


2nd 10 


745 „ 


•888 


716 „ 


•880 


605 „ 


•857 


530 „ 


•823 


515 „ 


■821 


3rd 10 


760 „ 


•889 


720 „ 


•882 


610 „ 


•868 


546 „ 


•829 


520 „ 


■824 


4th 10 


760 „ 


•891 


730 „ 


•884 


616 „ 


•860 


560 „ 


•836 


530 „ 


■826 


5th 10 


770 „ 


•896 


740 „ 


•887 


620 „ 


■861 


570 „ 


•839 


540 „ 


■829 


6th 10 


780 „ 


•898 


765 „ 


•890 


630 „ 


•863 


586 „ 


•843 


550 „ 


■830 


7th 10 


790 „ 


•901 


775 „ 


■893 


636 „ 


•864 


605 „ 


■847 


566 „ 


■831 


8th 10 „ „ 


803 „ 


•904 


795 „ 


•898 


660 „ 


•868 


630 „ 


■862 


585 „ 


-832 


9th 10 


820 „ 


•907 


830 „ 


•904 


670 „ 


■872 


660 „ 


■856 


615 „ 


■834 


%U ;; :;1 


830 „ 




840 „ 




680 „ 




676 „ 




630 „ 




860 „ 




860 „ 




696 „ 


■ ■ 


690 „ 




645 „ 




lOth 10 


875 „ 


•9191 


880 „ 


•912 


710 „ 


•879 


700 „ 


■863 675 „ 


■841 



10,000 fluid grains were distilled from a copper flask, and the 
distillate was collected in 10 per cent, fractions and the sp. gr. of 
each fraction taken. 



2. THE USES OE THE PRODUCTS OF MANUFACTURE. 

Naphtlia or spirit, completely volatile at ordinary temperatures, 
is got at different specific gravities and boiling points according to 
requirements — -660 for gasolene, for instance, and -700 to '720 for 
motor spirit. Ordinary naphthas, -725 to -745, are largely used 
for hghting purposes in special lamps in workshops, shipbuilding 
yards, &c. ; and, for solvent purposes, in dissolving india-rubber, for 
water-proofing, &c., and removing grease from clothes, &c. ; for 
dissolving gums and resins, wool-washing, paint-mixing, in the pre- 
paration ot varnishes and of alkaloids, extraction of oils and fats, 
in linoleum making, and largely also for the refining of parafiin wax. It 
has been employed for freezing machines, and also as a local ansesthetic. 

Burning oils are used for lamps of many forms, sp. gr. varying 
from -785 to -830, and flashing point from 105° E. (40° C.) to 230° F. 
(110° C). Scottish oils have been free from lamp-accident fatalities 
since their manufacture over sixty years ago. The special, or water- 
white oil (sp. gr. '785), is serviceable for continuous burning lamps for 
buoys, lightships, &c., which can be retrimmed only at long intervals, 
from a week to a month. These burning oils are also utilised for 
combustion in oil engines. Lighthouse oil is specially safe for light- 
houses. Marine sperm is employed on board ships, with lamps 
slightly modified to suit the heavier oil, and it does not give off 
vapour that can ignite until much above the boiling point of water. 
Mineral colza (sp. gr. -840) is used also with special lamps. 
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Intermediate oils (sp. gr. '840 to "870) are used for gas-making. 
They are very pure, require no refining for the gas, and are employed 
where gas-Hme is objectionable. They produce gas of high illuminat- 
ing power, and they are largely used for enriching coal or water gas. 
Oil-gas, compressed, is used for lighting railway carriages. Safe 
it3elf under pressure, it has also the power of rendering acetylene 
safe. Acetylene is very rich in light-giving power, but is by itself 
explosive, so that it may not be stored under greater pressure than 
3"6 lbs. per square inch. If one part of acetylene be mixed with 
four parts of oil-gas, the Home Office Regidations allow pressures up 
to 150 lbs. per square inch. Intermediate oils are employed for 
combustion in oil engines. Large quantities are now used as fuel 
by the Royal Navy. 

Mineral oils of all kinds, but chiefly the intermediate oils, are 
used for cleaning purposes, for removing rust from iron, and gummy 
matter which collects on machinery bearings when vegetable or 
animal oils are used as lubricants, &c. Intermediate oils are also 
employed for grease making. In the tropics heavy mineral oils are 
effective for protecting wood work from the white ants (termites.) 

Lubricating oils are made with sp. gr. varying from '865 to -910, 
and are used either alone or mixed with vegetable or animal oil. 
Mineral oil prevents vegetable or animal oil from undergoing spon- 
taneous combustion on cotton waste, &c., and thus greatly increases 
the safety of these fatty oils for employment in mills (Galletly). 
Shale lubricating oils do not decrease so rapidly in viscosity by heating 
as some other mineral lubricating oils. Vegetable or animal oils, by 
the action of steam at high temperatures, produce free fatty acids, 
which corrode cylinders and the boilers, when, for instance, they are 
returned to the boilers of marine engines from the condensers. Mineral 
lubricating oils are quite neutral and safe under the same circum- 
stances. Some companies, therefore, produce cylinder oils. 

The solid paraffin is used in vast quantities for candle making. 
The usual grades are— melting point 130°, 125-127°, 118-120°, and 
110-112° F. (54°, 52-53°, 48-49°, 43-44° C). The sticks of matches 
are dipped into the softer paraffin, M. pt. 100° F. (38° C), as a phos- 
phorus flame does not readily kindle wood, and dipping the end of the 
match-stick in melted paraffin helps the kindling in place of the old 
sulphur method. Soft paraffin is largely employed for miners' lamps, 
hand-lamps, lamps for household purposes, and ship lamps, owing to 
its safety, the flash point being 355° F. (180° C). Paraffin is used 
also for vestas, tapers, and night lights. 

Paraffin is used for waterproofing cloth, boots, walls, cartridges ; 
for coating the insides of barrels, vats, and other vessels, to prevent 
the wood giving a taste to the delicate substances in the vessels, such 
as butter, mineral waters, beer, cider, &c. A thin coating is service- 
able for protecting metal articles or machinery from rust or decay. 
It is employed for insulating purposes in electricity, as spHnts in 
surgery, for making thin sections for the microscope, as a medium 
for salves, for extracting perfume from flowers, supplying material 
for bees to make into comb, for waxing thread, floors, &c., and for 
many other purposes. 

Still grease is the amorphous distillate from the end of the crude 
oil or heavy oil distillations, and is employed for grease making. 
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Still coke, which is the residue left in the still on distilling crude 
oil to dryness, is an important product. It is serviceable for gas 
fires in private houses, and is a favourite fuel in drawing-rooms. 
It is employed as a smokeless fuel for yachts, as carbon for electrical 
purposes, and for making moulders' blacking, &c. 

Sulphate of ammonia is a manure extensively used by agriculturists 
at home and abroad, and is particularly in demand for growing sugar 
beet. A solution may be employed for the prevention or extinction 
of fire. 

Liquid fuel. — At present the tars extracted with chemicals are 
used as liquid fuel for the stills, together with dregs and residues 
not fit for any other purpose. Our ordinary products are too valuable 
to be used for fuel. Crude petroleum and petroleum residues are now 
largely in demand throughout the world for firing steamships and 
railway trains, and our own oils might partly be used for that purpose 
in time of war. Only the cheapest Intermediate Oils are at present 
used by the Admiralty. The thermal value of oil-fuel is in general 
more than one and a half times that of coal, and it can be burned 
without producing smoke, can be stowed more compactly, easily, and 
rapidly, and requires fewer firemen in the stoke-hole. 

The following publications may be consulted for a general descrip- 
tion of oil-works : — Iltyd J. Redwood : Mineral Oils and their By- 
products. Sir Boverton Redwood : Petroleum, 2nd Edit., Vol. I., 
p. 418. Mills : Destructive Distillation (with a Bibliography at the 
end). Brunton : Proc. Inst. C.E., 1881. Steuart : The Gas Institute 
Trans., 1887 ; and Jour, of Soc. of Chem. Industry, 1889, p. 100. 
Articles in Ure's Dictionary and Muspratt's Chemistry, Thorpe's 
Dictionary of Applied Chemistry, &c. 

For special branches : — Beilby : Jour, of Soc. of Arts, 1885 ; and 
the following communications in The Jour, of Soc. of Chem. Industry : 
—Nitrogen and Ammonia : Beilby, 1884, p. 216 ; 1891, p. 120 ; 
Tervet, 1883, p. 445. Retorts : Rowan, 1891, p. 436 ; Beilby, 1897, 
p. 876 ; Henderson, 1897, p. 984 ; Criohton, p. 988 ; Bryson, p. 990 ; 
Irvine, 1894, p. 1038 ; Tervet, 1895, p. 1028. Gas : Beilby, 1887, 
p. 212. Paraffin : Beilby, 1885, p. 321 ; Tervet, 1887, p. 355. 
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Analyses of crude oil from the different 
seams, 155, 166, 157. 

Scottish shales, 154. 

Arch, Dechmont, 12, 31, 60. 

Kirkliston, 12, 77. 

Pumpherston, 12, 53, 60, 67. 

Pentland, 13, 80. 

Arthur's Seat ' lavas and volcanic 
rocks, 3. 

Ash, Barracks, 8, 13, 18, 30, 31, 41, 
47, 50, 62, 71, 74. 

— ■ — ■ Cross wood, 17. 

Port Edgar, 61, 62, 69, 73, 74. 

St. David's, 83. 

Shale, 159. 

Two-foot, 13, 59, 64. 

Auchengray, shales near, 19. 

Australian Shales, ^.nalyses and works 
results, 162, 163. 

Barkton railway otjtting, contact 

phenomena in, 15. 
Barracks Ash, 8, 13, 18, 30, 31, 41, 47, 

50, 62, 71, 74. 
Limestone, 8, 18, 30, 31, 33, 36, 

37, 41, 47, 50, 62, and footnote. 
Beilby ammonia column still, 177, 178. 

retort, 173, 174. 

Bell, Robert, 142. 

Bellsquarry, 29. 

Binny ozokerite, 142, 143. 

Sandstone, 9, 18, 21, 24, 32, 

37, 48, 50, 55, 58, 62, 71, 75, 82. 
Bitumen, 159. 
Blackband ironstone, 52. 
Blackbrae Fault, 26, 27. 
Blackburn House, 31. 



Blackmire railway cutting, section in, 24. 

" Blaes," 7. 

Blasting and explosives, 105. 

Boghead gas coal, 137. 

-Mineral, 142. (See Torbanehill 

Mineral. ) 
Bore missing shale, 95, 96. 
Boring, cost of, 96. 

methods of, 96. 

percussive, 96. 

Brattice boards and cloth, section, 123, 

124. 
Breccia, desiccation, 3, 90. 
— ■ — ■ explosion, 74. 
Breich Shale-field, 31, 32. 
Brick arching, 119. 

walling, 119. 

Brotherton Fault, 20. 

Broxburn District, 48-52. 

Marls, 9, 18, 22, 23, 32, 41, 48, 50, 

56, 64. 
Broxburn Shales, 18, 22, 25, 32, 33, 

37, 41, 48, 50, 55, 58, 75, 85. 

sections of, at Dahneny, 76. 

Mid - Calder 

and Broxburn, 41. 
sections of, at Philpstoun 

and Ohampfleurie, 63. 

• I See Shales.) 

Burdiehouse and Straiton Shale- 
fields, 84-87. 
Limestone, 8, 17-18, 21, 24, 

28-29, 35-36, 39, 40, 46, 54, 57-58, 

61, 69, 72, 75, 78, 80, 83, 85, 88. 
Burning or lamp oils, 139, 186, 189, 

191, 192. 
Burntisland, sections near, 80, 81. 
Shale-field, 80-82. 

Cadelt,, H. M., 1, 2, 6, 41, 50, 54, 63, 

69, 71. 
Calciferous Sandstone Series, 3. 
Calder Fault, 11,42. 
Camps Shale, 8, 21, 24, 36, 39, 41, 47, 

49, 54, 58, 69, 73, 74, 75, 77, 78, 83. 
Carboniferous Limestone Series, 3. 
Carlops District, 87-88. 
Carlowrie, bores at, 75. 
Carriage inclines, 131. 
Cartridge-,, 105. 
Cements, Queensferry, 66, 67, 69, 70, 72, 

77. 



Index. 



Cementstone Group, 3, 4, 42. 
Champfleurie and Philpstoun Shale- 
fields, 60-65. 

Shale, 50, 55, 58, 63, 76. 

Charging and firing explosives, 106. 
Chemical composition of chief shales, 
154-159. 

■ of crude oil and ammonia, 

143-158. 
Clapperton Hall Trough, 48. 

Burdiehouse Limestone at,46. 

Cleaning shot-holes, 105. 
Coal, Cobbinshaw Main Limestone 
and, 19-20, 26, 27, 33, 52, 65. 

Houston, 9-10, 19, 23, 26, 32, 

33, 37, 42, 51, 56, 59, 64, 77, 82, 86. 
Coalheugh Head, Shale at, 27-28. 
Coal-measures, 3. 
Coal, Parrot, Westfield, Pife, 142. 

Two-foot, 19, 23, 26, 31, 37, 51, 

59, 64, 142. 
Cobbinshaw Field, 16-20. 

Main Limestone and Coal, 19-20, 

26, 27, 33, 52, 65. 
Cobbinshaw, South, Shale, 142. 
Column still, Beilby ammonia, 177, 178. 

Henderson's ammonia, 177, 

179. 
Comparison of crude oil and petroleum, 

179, 
Competition, America and Russia, 137. 
Composition of products of manu- 
facture, 189. 
Constituents of crude oil, 189. 
Comstone at Selms, 42. 
Corston HiU lavas and volcanic rocks, 

4, 17, 27, 29, 42. 
Corstorphine, 6. 
Cousie Braes, 129. 
Cousland and Seafield Shale-fields, 

32-33. 
Craigleith Sandstone, 6. 
Craigs diamond bore, 47. 
" Creep," 110, 111. 

in coal or shale, 110. 

— — ^ trouble with, 110. 
— — section of strata in highly- 
inclined mines, 110. 
Crofthead, Burdiehouse Limestone 

near, 39. 
Crosswood volcanic ash, 17. 
Crude oil and ammonia of shale as 
determined in the laboratory, 143. 

— works, 170. 

Cbtjm Brown, Prof., 143. 
Cuddie Braes, 129. 
Cut chain braes, 129. 

Dalmahoy area, 79. 

Shale, 6, 70, 72, 79. 

Dalmeny and Queensferry Shale-fields, 

71-77. 
Dam Shale, 26. 33. 
Deans and Livingston Shale-fields, 

33-37. 



Decay of timber, 118. 

Dechmont Arch, 12, 31, 60. 

Dblignon, v., 137. 

Diagram showing process of manu- 
facture, 188. 

Distillation of ammonia water, 177. 

— ■ — ■ oil-shale by igneous rocks, 168. 

Drake, E. L., 137. 

Drawing shale, 128. 

Drumshoreland, diamond bore at, 46. 

Duddingston Section, 67. 

Shale-field, 65-71. 

Dunnet Marls, 21, 37. 

Sandstone Group, 8, 18, 31, 36, 41, 

47, 48, 49. 53, 62, 69, 73, 78, 81, 83. 

Shale, 18, 21, 24, 30, 31, 32, 33, 36, 

37, 41, 47, 49, 54, 58, 62, 71, 74, 75, 
77, 78, 81, 85, 86. 

— Oakbank Pit, 116. 

Duntarvie Castle, 55. 

Dykefoot, Dunnet Shales at, 21. 

Dykes, sandstone, 69. 

Hast Broadlaw, limestone at, 57-58. 
Ecclesmachan District, 56-60. 

neck at, 13, 57. 

Enrichment of gas, 193. 
Explosives used, quantity and cost of 
gunpowder and fuse, 107, 108. 

Fan ventilation, 123-125. 
Fault, Blackbrae, 26, 27. 

■ Brotherton, 20. 

Calder, 11,42. 

— ■ — Ecclesmachan, 56.. 

— ^ — Langside-Blackbum, 30, 31. 

^Middleton HaU, 11, 33, 34. 

— — Murieston, 11, 27, 29, 37, 42. 
-Ochiltree, 12, 52, 56, 63, 65, 71, 

75, 77. 

■ Winchburgh, 12, 52, 59. 

Fells Limestone, 9, 18, 22, 25, 50, 82. 
— Shale, 18, 22, 23, 25, 32, 33, 42, 

48, 50, 59, 64, 77, 86, 114. 
Fossils, lists of, from Mungle and 

Pumpherston Shell Beds, 93, 94. 

• use of, 92. 

Eraser Shale, 19. 

Gallovvscrook, volcanic neck at, 14. 
Gavieside Field, 31. 
Gases and ventilation, 119. 
Gas oils, 136. 

permanent, of retorts, 189. 

recovery from stills, 185. 

Geikie, Sir A., 1, 8. 

General chemistry of the shales, 157. 

Grange Sandstone, 81, 83. 

" Grey Shale," 26, 27. 

Gypsum veins in shale, 45. 

Hailes Sandstone, 6. 

Harbumhead Hill, diamond bore 

near, 17. 
Hartwood, 20. 
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Haulage, electric, 133. 

endless rope, plan and elevation 

of, 133. 

engine, 131. 

Henderson's ammonia column still, 

177, 179. 

continuous boiler stills, 186. 

sweating apparatus, 183. 

retorts, 172, 174. 

Hermand, 9, 21, 22, 24. 
History of oil-shale industry, 136. 
Hopetoun House, shore sectionsnear, 66. 
— Shales, 65. 

SiU, 67. 

Horses (haulage), 128. 

Houston Coal, 9-10, 19, 23, 26, 32, 33, 

37, 42, 51, 56, 59, 64, 77, 82, 86. 
Marls, 10, 19, 23, 42, 51, 56, 59, 

64, 77. 

Wood Sill, 44, 48, 49. 

Humble and Winohburgh District, 52- 

56. 
• Dunnet Shale and Binny Sand- 
stone at, 66. 
Hurlet Coal, Renfrewshire, shale above, 

142. 

IljJBSTON, bores at, 45. 

Inclined shaft winding, 133. 

Inclines, self-acting, 128. 

IngUston and NewUston Shale-fields, 

77-79. 
Intermediate oils, 193. 
Inverkeithing District, 82-84. 
Ironstone, blackband, 52. 

Kbkoobn, 143. 

nature and origin of, 163. 

Kingscavil, sandstone at, 65. 
KirkUston, 77. 
Arch, 12, 77. 

LABORATOBy TTIBB BESULTS, 145. 

Langside-Blaokbum Fault, 30, 31. 
Leith, Water of, 6. 
Level driving, 101. 

cross-cuts, 105. 

" ends " or " upsets," 105. 

labour notes, 106. 

method of boring, 102. 

shots, 106. 

bursters, 102. 

— ordinary, 103. 

brairders, 102. 

— mids and tops, 103. 

Levenseat Shale, 142, 146, 155. 
Limefield House, section near, 24. 
Limestone, Burdiehouse. (See Burdie- 

house. ) 
Barracks, 8, 30, 31, 33, 36, 37, 

41, 47, 50, 62 (footnote). 
Cobbinshaw Main, 19-20, 26, 27, 

33,62. 'N: P 1?!' 

Pells, 9, 18, 22, 25, 50, 82. 

Ricoarton, 66. 

13 



Liquid fuel, 194. 

Livingston and Deans Shale-fields, 33- 

37. 
Lochgelly ironstone, 142. 
Longwall face, cross section and plan, 

113. 

system, plan of shale mine, 112. 

working, 112. 

Lubricating oils, 136, 191. 

Maltha, 159. 

McLaeen, Robeet, H.M. Inspector 

of Mines, regulations for shot-firing, 

107. 
M'Lean Shale, Oakbank, 48, 142, 149. 
Marl, 10. 
Broxburn, 9, 18, 22, 23, 32, 41, 

50,64. 

Dunnet, 21, 37. 

Houston, 10, 19, 23, 42, 51, 56, 

64, 77. 
Methods of working, 108. 

removing stoops. 111. 

Mid-Calder District, 37^3. 

Shales, 98. 

Middleton HaU Fault, 11, 33, 34. 
Midhope Shale, 64-65. 
Millstone Grit, 3. 
Mine-driving, 99. 

roof timbering, 100. 

in folded strata, 97. 

with level cross-cuts, 97. 

Minerals now or formerly used jfor 

oil-shale products, 141. 
Mode of access to oil-shales, 97. 
MOEEATJ, A., 137. 
Mungle Shale, 19, 23, 26, 52, 142, 146. 

SheU Bed, 10, 19, 83, 87, 93. 

Murieston, Wester, 30. 

Fault, 11, 27, 29, 37, 42. 

— Water section, 27-28. 

Naphtha, 136, 190, 192. 
Naphthenes, 189, 190. 
Natural gas in oil-shale fields, 170. 
Necks, volcanic, 13. 

at Bum's Hill, 13. 

Ecclesmachan, 13. 

■ — . GaUowscrook, 14. 

Kirkliston, 78. 

Niddry Castle, 13. 

. Society, 71. 

Newfarm, 39, 42. 

Newhston, Dunnet Shale at, 77-78. 

Newpark, 28. 

New South Wales Shale, 162. 

Newyearfield, diamond bore at, 35. 

Nitrogen in shale, 148, 149, 157, 158. 

Oakbank Bio Shale, 142, 147. 
Oakbank Kt, 116. 

— and bore, section of, 39-40. 

Wee Shale, 142, 147. 

Ochiltree Fault. 12, 52, 56, 63, 65, 71, 
75, 77. 



198 



Index. 



OUs, burning, 139, 186, 191. 
— . — intermediate, 136, 193. 

lubricating, 136, 191, 193. 

Oil-shale, distillation of by igneou.s 

rocks, 168. 

Group, distribution of, 4-7. 

. — physical characters of, 7. 

— process of manufacture, 166. 

• strata, proving of, 87-90. 

Oil, yield of in relation to depth, 

144. 
Old Bed Sandstone at Sebns, 42. 
OoUths at Kosyth, 83. 
Overfold, 96. 
Ozokerite candles, Binny, 143. 

Papbk shale, 86. 

Paraffin, sohd, 136, 191, 193. 

— — ^sweating apparatus, 183. 

Pardovan, sandstone at, 65. 

Pennsylvania oil-wells, 137. 

Pentland Arch, 13, 80. 

Peruvian guano, 137. 

Petroleum, imports of, 141. 

in oil-shale, origin of, 164, 167, 

169, 170. 

— native, 166-170. 

statistics, 138-141. 

Phenols, 189. 

Philpstoun and Champfleurie Shale- 
fields, 60-65. 

Plan and section of highly-incMned 
stoops, 109. 

— ■ — . stoop and room, 108. 

Playfaie, Lord, 136. 

Polbeth Shale-field, 30. 

Port Edgar Ash, 61, 62, 69, 73, 74. 

■ . — ■ — . railway cutting, section at, 

73. 

Prices of products, 137, 139. 

Products of manufacture, 136, 189. 

Properties of products of manufacture, 
189-194. 

Proving of oil-shale strata, 91-94. 

Proximate composition of shale, 157. 

Pumpherston Arch, 12, 53, 60, 67. 

Oil Co., 98. 

Shale-field, 43-48, 114. 

Shales, 17, 21, 29, 33, 34-35, 39, 

44-46, 54, 58, 61, 66, 67, 75, 77, 81, 
85. 

■ Shales, section of, at Pumphers- 
ton, 44. 

Shell Bed, 10, 35, 66, 67, 70, 72, 

77, 81, 92, 94. 

Pumping water : direct acting pumps, 
hydraulic pumps, and electric 
pumps, 127. 

Pyi'idine Bases, 189. 

Qtjbbnsfeeey and Daumeny Shale- 
fields, 71-77. 

Cements, 66, 67, 69, 70, 72, 77. 

— — ■ shore section at, 70. 
Quinoline Bases, 189. 



RAEBtHRN Shale, 19, 23, 26, 33, 52, 

64, 142, 146. 
Railways for hutches, 128. 
Raw and Raw Camps limestone 

quarries, 40. 
Refinery, the, 180. 

operations, 181. 

— — . . distillations and treatments, 

181-189. 
. — — . separation of solid paraffin, 

181. 

■ stills, 185. 

Results of shale distillation, 177. 

Retorts : Bryson's, 175. 

— ■ — ■ condensers, 176. 

— ■ — development of, 171. 

Henderson's, 172, 174. 

horizontal, 171. 

old vertical, 172. 

permanent gases of, 189. 

■ Young and Beilby, 173. 

Biccarton, marine limestone at, 65. 
Roof and crown tree, 118. 

steel girder and vertical props, 118. 

and vertical props, 118. 

Rosyth, Burdiehouse Limestone and 

ooUths at, 83. 

section at, 83. 

Russian petroleum industry, 138. 
■ production of petroleum, 141. 

Sandstone dykes in limestone, 69. 

Seafield Shale-field, 32, 33. 

Search for shale, 95. 

Sections, disturbed ground, 96. 

Dunnet Shale, method of work- 
ing, Mid-Calder, 116. 

trial shaft and cross-cut, 97. 

' working oil-shale in steps, 115. 

— ■ — ■ working vertical seams of shale, 
117. 

Selms, comstone at, 42. 

Shale, Barracks, 37, 143. 

Big, Oakbank, 142, 147. 

Broxburn, 142, 148, 157, 158. 

Curly, Broxburn, 142, 145, 147. 

Dunnet, 143, 149, 150, 158, 159. 

Pells, 142, 146. 

Eraser, 142. 

— — Grey, Addiewell, 142, 146. 

list of oil producers, 141-143. 

— — Lower Wild, Oakbank, 142, 149. 

Mungle or Steuart, 142, 146. 

Oakbank New, 143, 151. 

Pumpherston No. 1, Jubilee, 143, 

151. 

No. 2, Maybrick, 143, 151. 

—No. 3, Curly, 143, 151. 

No. 4, Plain, 143, 152. 

No. 5, Under, 143, 152. 

Raebum or Damhead, 142. 

Raebum, 142. 

above Hurlet Coal, 142. 

results of the distillation of, 136, 

177. 
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Shale-measures, geological position of, 

3. 

naphthas, 1 36,.l 90. 

Shales, cliemical composition of chief, 

143. 

and solvents, 159, 164. 

SheU Bed, Mungle, 10, 19, 83, 87, 93. 
Pumpherston, 10, 35, 66, 67, 

70, 72, 77, 81, 92, 94. 
Shot-firing, 107. 
Sills, dolerite, 14-15. 
contact alteration by, 15, 

50, 55, 59. 
Sinking carriage, 101. 

pumps, 101. 

SolubiUty of shale and bitumens, 159, 

164. 
Special methods of working, 115. 
Spontaneous combustion prevented by 

mineral oils, 193. 
Spragging shale, methods of, 114. 
Statistics, 138-141. 

prices of products, 137, 139. 

Still coke, 194. 

grease, 193. 

Stills, 185-189. 

connected boiler, 186. 

heavy oil, 187. 

residue, 185, 186. 

" Stoop and room," 108. 

Straiton, section at, 84. 

Sulphate of ammonia, 136, 140, 194. 

Sulphur in shale, 159. 

Swinebum diamond bore, 55, 56. 

Tarbbax, 18, 19. 

Tars from crude oil, chemical 

nature of, 189. 
" Thick " Shale, 23, 25. 
" Thornton's " Shale, 25. 
Timbering of levels, 118. 
TorbanehiU Mineral, 1. 137, 142, 146, 

155, 159-161. 
Torbanite of N.S. Wales, 162. 
Tuffs, volcanic, 13. 
— with Houston Coal at Dal- 

meny, 77. 
Two-foot Ash, 13, 59, 64. 
Coal, 19, 23, 26. 31, 37, 51, 

59, 64. 

Ultimatb composition of shale, 157. 
Underground haulage, 128. 
UAited States Geological Survey, 140, 
169. 

Ventilation and gases, 119. 

-hand fan, 124. 

fans, 123. 

— — ■ of longwall workings, 126. 
— — mine-driving, 101. 



Ventilation of workings, 123. 

plan and elevation of trap-door, 

126. 
of "stoop and room" workings, 

127. 
Vertical seams, working of, 117. 

shaft, Mid-Calder, 98. 

Viscosimeters, 192. 

Volcanic ash, etc. (See Ash, Neck, 

Lavas, etc.) 

Wabdib Shales, 6. 
Washers for acid and soda, 186. 
West Calder Shale-field, 20-28. 
Westfield, Fife, 142. 

Shale, Rutherglen, 146. 

Westwood, diamond bores at, 15. 
Whitehouse Point, shore sections at, 70. 
WiESMANN, A., & Co., 137. 
Wilson, J. S. Grant, 2, 63, 71. 
Wilsontown, 16. 

Winchburgh and Humbie District, .')2- 
56. 

Fault, 12, 52, 59. 

Working seams close to each other, 114. 
Wyndford diamond bore, 15, 49. 

Yield of ckitdb oil and sulphate of 

AMMONIA, 146-153. 
Addiewell Grey Shale, 

146. 

— Aiidrie Shale, 146. 

Barracks Shale, 143. 

■ — ■ — Broxburn Curly Shale, 

145, 147. 
Grey Shale, 145, 

147. 

Shale, 145, 148. 

Dunnet Shale, 149-151. 

FeUs Shale, 146. 

Levenseat Shale, 146, 

155. 

Mungle Shale, 146. 

— Oakbank Big Shale, 

147. 
• Lower Big Shale, 

147. 

. M'Lean Shale,149. 

New Shale, 151. 

— — ;Wee Shale, 147. 

Wild Shale, lower, 

149. 

: ■ Pentland Shale, 148. 

■ ^ — • Pumpherston Shales, 

151-153. 

Raebum Shale, 146. 

— TorbanehiU Mineral, 

146. 
Yield of oil in relation to depth, 144. 
\''oirNG, Jambs, 136, 137. 
Young's retort, 171. 
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FOSSILS FROM SCOTTISH OIL-SHALE STRATA. 




Figs 1-4 Fpom the Mungle Shell-Bed. 




Figs 5-8a In, and close lo, the PumphepSlon Shell-Bed. 
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Figs O-l+b ComirLon Fossils. 
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Abbreviations - 

C L- Cobbinshaw Limestone/iS/to&'to? o-.jj 
BBI Black Band Ironstone 
R S Raebupn Shale 
MIDS. Midhopn Shale. 

Mungle Sbale 

Two -Fo of Coal 

Paper Shale fatSrra/ta't on/yj 

Gpey Shale 

Houston Coal 

Fells Shals j 

LofFS. Limestone sF Fells Shale ' 

BS dpoxbuPn Shale 
CHS, Cbampfleurie Shale 
B"!' Sa. Blnn_y Sandstone 
D S Dunnet Shale 
N.S. New Shale 
U D.S Under Dunnec Sbele 
B'^^ L. Barracks Limestone, 
C S. Camps Shale 
B.L. Burdiehouse Limestone 
P. S Pumphepston Shale 
Q.CEM Queensfer-py Cements 
DAL.S. Dalmahqy Shale 
OS Oil Shale, 
C. Coal 
LS. Limestone. 
LSTS. Limestones. 
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Abbreviations. 



TL 


Tartraven Limestone. 


CL. 


Cobbinshan orMain Limestone. 


BBl 


Black Band Ironstone. 


P.S 


Raeburn Shale. 


IMID-S. 


Midhope Shale. 


MS, 


Mungle Shale. 


ST.C. 


2 Foot Coal. 


H.C. 


Houston Coal. 


F.S. 


Fells Shale. 


B.S. 


Broxburn Shale. 


D.S. 


Dunnet Shale. 


BKS.L. 


Barracks Limestone. 


B.L. 


Burdiehouse Limestone. 


P.S. 


Pumpherston Shale. 


q.cem: 

IlAL.S. 


Queensferry CBments. 
Dalmahoy Shale. 


C. 


Coal. 


O.S. 


Oil Shale. 


OF 


Ochiltree Fault. 


M.HF 


Middleton Hall Fault 


CJ 


Calder Fault. 


JfF 


Murieshon Fault. 


P.F 


Pentland Fault. 


F. 


Fault. 



-/W/T/c<f .// Oi^ ( 'rtifuific^ Siir\f\ i 'ff'uy^- , S.>uih,ifriff-'. 
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67a. Kincardineshire, S.E. corner. U. 9d. 
60. Eum, Canna, EigR, Muck. 10s. 3d. 

66. Eincardineshire, Forfarshire, Aberdeenshire (parts of). 23». 9d. 

67. Kincardineshire and Aberdeenshire (parts of). 5s. 9d. 
70. Invemess-shire (West-Central Sl^e, with Soay). 19s. 3d. 

75. Inremess-shire, Elginshire, Banffshire, Aberdeenshire (parts of). 19«, 3d. 

76. Aberdeenshire, Kincardineshire (parts of). 13s. 3d. 

77. Aberdeenshire, S.E. part ; Kincardineshire, N.E. corner. 8s. 

81. Eoss-shire, S.W. ; Islands of Eaasay and Bona, part of Skye. 14s. id. 
85. Elginshire, Banffshire, Aberdeenshire (parts of). 20s. 9d. 
87. North-East Aberdeenshire and Banffshire (detached portions). 13s. 3d. 
91. Eoss-shire (part of). 15s. 6d. 

94. Eoss-shire, Cromartyshire, Sutherlandshire (parts of). 8s. 9d. 

95. Elginshire, Banffshire (parts of). 5s. 3d. 

96. Aberdeenshire, Banffshire (parts of). 7s. 3d. 

97. Aberdeenshire and Eastern Banffshire (parts of). 4s. 6d. 

100. N.W. Eoss-shire (part of). 2s. 6d. 

101. Eoss-shire, Cromartyshire and Sutherlandshire (parts of). 14s. 
103. Sutherlandshire, E. 8s. 9d. 

107. Sutherlandshire (part o^. 25s. 3d. 

113. Sutherlandshire, N.W. (part of). 5s. 3d. 

114. Sutherlandshire (part of N.). 13s. 3d. 

115. Sutherlandshire, Caithness-shire (parts of). 19s. 3d. 
Maps on Six-inch Scale, illustrating the Coal-flelds. 

Edinburghshire. Sheets 1, S.W. (and IB, S.E.), S.E. ; 3, N.W., N.E., 
S.W., S.E. ; 4, N.W., N.E., S.W.,S.E. ; 4a., S.W.; 
5, N.E., S.E. ; 7, N.E., S.E. ; 8, N.W., N.E., S.W., 
S.E. ; 9 (and Haddington 14), N.W., S.W., S.E..; 

11, N.W., S.W. ; 12, S.E. ; 13, N.W., N.E., S.W., 
S.E. ; 14, N.W., N.E., S.W., S.E. ; 15, N.W. (and 
Haddington 18, N.W.) ; 18, N.E. ; 19, N.W., N.E. 
(revised editions). Is. 6d. (uucoloured). 

Haddingtonshire. Sheets 4, S.W., S.E. ; 9, N.W., N.E., S.W., S.E. ; 

14, N.W., N.E., S.W., S.E. ; 18, N.W. (revised 

editions). Is. 6d. (uncoloured). 
Eifeshire. Sheets 24, 6s. 3d. ; 25, 4s. 3d. ; 30, 31, 8s. 3d. ; 32, 37, 

5s. ; 33, 2s. ; 35, 7s. ; 36, lis. 
Ayishire. Sheets 7, 12, 13, 17, 19, 22, 23, 24, 28, 30, 36, 42, 46, 

52, 8s. 3d. ; 8, 40, 8s. ; 9, 4s. 3d. ; 11, 18, 29, 34, 

41, 9s. 9d. ; 16, 6s. 3d. ; 26,-27, 31, 6s. 9d. ; 33, 7s. ; 

85, lis. ; 47, 7s. 9d. ; 50, 10s. 3d. 
Eenfrewshire. Sheets 7, 11, 9s. 9d. ; 8 and 9, 13, 5s. ; 12, 8s. 3d. ; 14, 

3s. ; 15, 16, 7s. ; 17, 3s. 9d. (old editions). 
„ Sheets 12, N.E., S.E. ; 13, S.W. (revised editions). Is. 6d. 

(uncoloured). 
Lanarkshire. Sheets 1, 3s. 3d. ; 3, 3s. 9d. ; 4, 2s. 9d. ; 6, 2s. 3d. ; 

24, 7s. ; 11, 17, 20, 31, 38, 41, 42, .8s. 3d. ; 8, 23, 

26, 32, 7s. 9d. ; 9, 19, 6s. 3d. ; 12, 13, 16, 5s. 9d. ; 

10, 6s. ; 18, 37, 9s. : 49, 4s. 3d. (old editions). 
Sheets 1, S.E. ; 2, S.W., S.E. ; 6, N.W., N.E., S.W., 

S.E. ; 7, N.W., N.E., S.W., S.E. ; 8, N.W., N.E. ; 

10, N.W.,N.E. ; 11, N.W., S.W. (revised editions). 

Is. 6d. (uncoloured). 
Sheets 1, 3s. ; 5, 7, 5s. 9d. ; 6, 8s. 3d. 
Sheets 194, 20, 24, 2s. 3d. ; 23, 7s. 9d. ; 26, 6s. 3d. ; 

26, 3s. 3d. ; 28, including 29, 3s. 
Sheets 23, S.E. ; 25, N.E. (revised editions). Is. 6d. 

(uncoloured). 
Sheets 17, 28, 8s. 3d. ; 18, 31, 4s. 3d. ; 23, 27, 9s. ; 24, 

5s. 9d. ; 25, 2s. 9d. ; 29, 7s. ; 30, 32, 6s. ; 33, 36, 

2s. 3d. ; 36, including 34, 6s. 3d. (old editions). 
Sheets 27, S.E. ; 28, S.W. ; 29, S.E. ; 32, N.E. ; 33, N.W. ; 

34, N.E. (revised editions). ' Is. 6d. (jincoloured). 
Sheet 8, 5s. 9d. (old edition). 
Sheets 1, N.W., N.E., S.W., S.E. ; 2, S.W. and N.W., 

S.E. ; 3, S.W. ; 6, N.W., N.E., S.W., S.E. ; 7, 

N.W. and S.W. ; 9, N.E., S.E. ; 10, N.W., S.W. ; 

12, N.E. (revised editions). Is. 6d. (uncoloured). 
Sheets 133, 9s. 9d. ; 134, 140, 8s. 3d. ; 135, 5s. ; 139, 14^ 

8s. ; 141, 2s. 9d. ; 143, 2s. 
Maps on Six-inch Scale, illustrating Structure of N.W. Highlands. 
Sutherlandshire. Sheets 5, lis. ; 71, 20s. 3d. 
Skye. Sheets 38, 20s. ; 39, 16s. ; 44, 22s. 9d. ; 45, 24s. 

Horizontial Sections. 

Sheet 1. Edinburghshire and Haddingtonshire. 3s. 9d. 

„ 2. Edinburghshire, Haddingtonshire, Berwickshire, 

„ 3. Peeblesshire, Edinburghshire, Linlithgowshire. 

„ 4. Ayrshire Coal-flelds (west side). 4s. 3d. 

' ,, 6. Ayrshire Coal-fields (east side). 5s. 9d. 



Dumfriesshire. 
Dumbartonshire. 



Stirlingshire. 



Linlithgowshire. 



Perthshire. 



4s. 3c 
4s. 3d. 
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Sheet 6. Kenfrewsliire, Dumbartonshire, Ayrshire. 5». M. 

„ 7. Cheviot and Lanimermoor Hills. 5s. 

,, 8. Clyde Coal-field and Campsie Hills. 5». 

„ 9. Ayrshire Coal-fields (Muirkirk and New Cumnock). 5s. 9d. 
Vertical Sections. Is. Sd. per Sheet. I 

Sheet 1. Edinburgh and Haddington Coal-fields. 

„ lA. Midlothian Coal Basin (middle portion). 

,, IB. ,, ,, ,, (western side), 

„ Id. „ „ .„ (eastern „ ). 

„ lE. East Lothian Coal Basin. 

„ 2. Fife Coal-fields. 

„ 2a. Fife Coal-fields. 

,, 3. Kilmarnock Coal-field. 

„ 4. Clyde Basin Coal-field. 

„ 5. Stirling and Clackmannan Coal-fields. 

,, 6. Muirkirk, Lesmahagow and Douglas Coal-fields. 

,, 7. Lanarkshire Coal-fields (Rutherglen and Carluke). 

Memoirs of the GeologioaJ Survey of Scotland. 

(1.) Genebal Memoie: — 

Silurian Eocks of Britain. Vol. I. Scotland. 15s. 
(2.) Economic Memoie: — 

The Oil-Shales of the Lothians. (Second edition.) 2s. 6d. 
(3.) Museum Guide: — 

Guide to the Collections of the Geological Survey. Id. 
(4.) District Memoirs: — 

Gowal, Argyllshire. 6s. > 

The Geology of the Neighbom-hood of Edinburgh. (Second edition.) 7s. 6d. 
East Lothian. (Second edition.) is. 6d, • 

Central and Western Fife and Kinrqss. 5s. 6d. 
Eastern Fife. 8s. 

Skye, iiie Tertiary Igneous Rooks of. 9s. 
May, &c. 2s. Gd. 

The Geological Structure of the North-West Highlands of ScotJaad. 10s. 6d. 
The Geology -of the Glasgow District. 4s. 6d. 
(6.) Pal^ontolooioai,. The Higl>er Crustacea of the Carboniferous Rocks of 

Scotland. 4s, 
(6.) Sheet Memoirs: — 

Sheet 1. Wigtownshire, South-Western Districts. Sd. 
„ 2. Wigtownshire, South-Eastern Districts. Zd. 
„ 3. Wigtownshire, Western Districts. Zd. 
,, 4. Wigtownshire, E. part; Kirkcudbrightshire, portion of S.W. 

Division. 9d. 
,, 5. Kirkcudbrightshire, Southern Districts. Is. Sd. 
„ 7. Ayrshire, South- Western District. Zd. 
,, 9. Kirkcudbrightshire, N.E. ; Dumfriesshire, S.W. Is. 
,, IS.' Ayrshire, Turnberry Point. Zd. 
„ 14. Ayrshire, Southern District. Zd. 

,, 15. Dumfriesshire, N.W. ; Ayrshire, S.E. ; and Lanarkshire, S. Zd. 
,, 21. Buteshire (Arran, Central, and N. and S. Bute), Argyllshire, Ayrshire 

(parts of). 4s. 
,, 22. Ayrshire, Northern District, and parts of Renfrewshire and Lanark- 
shire. Zd. 
,, 23. Lanarkshire, Central Districts. Is. 

,, 24. Peeblesshire, Lanarkshire, Edinburghshire, Selkirkshire (parts of). 3d. 
, , 28. Knapdale, Jm'a and North Kintyre. 3s. 

,, 31. Lanarkshire, N. ; Stirlingshire, S. ; Linlithgowshire, W. 2s. Zd. 
„ 34. Eastern Berwickshire. 2s. 

,, 35. Colonsay.and Oronsay, with part of the Ross of Mull. 2s. Zd. 
„ 36. Seaboard of Mid Argyll. 2s. Zd. 
„ 37. MidAtgyll. 3s. 

,, 45. Argyllshire, The Country near Oban and Dalmally. 2s. 6d. 
,, 55. Perthshire, He Country round Blair- AthoU, Pitloohryj Aberfeldy. 3s. 
,, 60. The Small Isles of Inverness-shire, is. &d. 

„ 65. Aberdeenshire, S.W. ; Perthshire, N.E. ; Forfarshire, N.W. 2s. 6d. 
„ 70. Inverness-shire. West-Central Skye, with Soay. Is. 
,, 71. Inverness-shire. Glenelg, Lochalsh and the South-East part of 

Skye. 3s. 6d. 
,, 75. Inverness-shire, Elginshire, Banffshire, Aberdeenshire (parts of). 

Is. M. 
,, t6. Aberdeenshire, Central. Is. 

,, 85. Elginshire, Banffshire, Aberdeenshire (|)arts of). Is. 6d. 
,, 87. Aberdeenshire and Banffshire (parts of). 9d. 
,, 93. Ross-shu-e, Ben Wyvis, Cam Chuinneag, Inchbaej &e. 48; 
,,97. Northsra Aberdeenshire. Eastern Banffshire, id. 
(7.) Catalogue of Geological PHOiooRAPHSi Series B and C. 6i. 
(8.) Description OP Arthur's Seat Volcano. 6rf. 
A detailed Catalogue may be had on application io Messrs. W. & A. K. Johnston, Lib., 
2 St. Andrew Square, Edinhwrgh. 



